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Attitude of Mind 


OTHING is more significant than the changes which occur in our way 
N of looking at things. What seemed impossible yesterday becomes 
accepted practice tomorrow; almost imperceptibly we adapt ourselves 

to the changed necessity. 


Some three years ago a body of ultimately experienced steel executives 
discussed the possibility of the shorter day in the steel industry; opinions 
were widely divergent; the clearest thinker summed the situation up by say- 
ing, “The short day will come when it is economically possible.” 1923 saw 
the broad adoption of this form of labor throughout the steel industry and 
results to date indicate that it is economically possible; certain benefits out- 
weigh the apparent difficulties. 


A year ago we heard great clamor against restricted immigration. Much 
of it has already subsided; forced efficiencies have produced record outputs 
and have paved the way for further records; labor shortage is now accepted 
as a blessing in disguise. 


January, 1923, was ushered in with much enthusiasm as to business pos- 
sibilities, but after the mid year many minds clouded with the remnant appre- 
hension of 1921 and 1922, failed to read the sequences of published reports 
which emphasized true conditions. 


The new year begins with most of this forgotten—we have accustomed 
ourselves to European cataclysm, to presidential year presentiments, and all 
the other bugaboos. Some 40,000,000 tons of steel must be made, and we 
might as well make it and enjoy the satisfaction of seeing everybody busy at 
reasonable hours and worth while wages, earned under livable conditions. 
That seems to be the prevailing conclusion. 


Mental flexibility is surely the best American asset with which to start 
the New Year. 
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The Human Element 


Tremendous Changes Influenced by Corporate Expansions Have 
Revolutionized the Personal Equation in Industry 


By GEORGE M. VERITY* 


HILE the making and paying of dividends 
W/ might be considered the one great crucial test 


of industry, there are many serious problems 
that must be successfully solved before that result 1s 
secured. Of all the factors to be reckoned with, there 
is none more important than industry’s contact with 
and influence over human life, because the very source 
of all achievement is found in life and not in ma- 
chinery and equipment. 


Properties may be acquired and plants may be con- 
structed, but in a final analysis the human element and 
everything that influences it for good or ill, repre- 
sents the greatest single factor that makes for success 
or failure in business. 


Many industrial and commercial leaders are now 
creating a new tie between management and men, 
by providing a way for joint ownership of all those 
who are in any way contributing to the success of the 
business. In other words, the doors have been 
opened for the commonest laborer to become a part 
owner of the capital invested and to occupy the dual 
capacity of employer and employe. Many situations 
can be found where this policy has unquestionably 
proved to be a substantial factor in the creation of 
industrial and commercial stability. 


This new move is fundamentally sound, for such 
amalgamation of the human factors in business serves 
to underwrite an industry with loyalty insurance. 
Through common ownership there is a greater under- 
standing of the serious problems of business and of 
the interdependence of men, of the real relationship 
that exists, and of the basic laws which operate un- 
erringly in both the restraint and in the fulfillment of 
the desires and ambitions of men. 


Many of the misunderstandings of the probelms of 
industry can be traced to the fact that some fair- 
minded men secure their information from those 
whose minds are warped by prejudice or controlled 
by ignorance, while those who do or should under- 
stand, and who have the. responsibility of leadership, 
make no effort to counteract that lack of under- 
standing. 


On the other hand, misunderstandings can never 
be entirely eliminated while human nature, generally 
speaking, is as it is. They can, however, be largely 
reduced through the united effort of all those who, 
with unselfish purpose, are striving to fairly and 
equitably serve all interests concerned and to con- 
stantly acquire for themselves greater depths of 
human understanding. 


It is my conviction, born of long contact with men, 
that the average man who works with his hands is 
honest, sound of heart, and wants to be fair in all 
things, and that he will be fair when he undertsands. 


*President, American Rolling Mill Company, Middletown, 
Ohio. 


Google 


It seems strange that in this day and age intelli- 
gent men have not learned that no one group can 
dominate another for more than a comparatively 
short time—too short to be profitable even to the one 
who dominates—and that successful domination of 
one group over another because of temporary advan- 
tage, prevents such accomplishment as will bring the 
increased reward that both sides are seeking. 


No plan or scheme that is not reasonably fair to 
all parties concerned can possibly live long enough to 
be really profitable to any one, for the simple reason 
that enterprise cannot succeed in any degree worth 
while without the efficient co-operation of all groups 
engaged in it. No group of either so-called employ- 
ers or employes will willingly submit to what they 
feel is an injustice longer than it takes them to find 
ways and means to upset or tear down the scheme 
imposed upon them. 


As the days go by the world is learning that the 
strong cannot impose their selfish will upon the weak 
and get away with it for long enough to do them any 
real or lasting good. 


So, if management wants to enjoy satisfactory 
working conditions, it must first secure the confidence 
and good-will of its working forces. These are things 
to be enjoyed only after they are deserved through 
giving men that measure of understanding of their 
mutual interests and responsibilities and that sort of 
a fair deal which sells them a company’s policies. 
Moreover, any organization that does not in some 
reasonable degree secure the confidence and good- 
will of its workers is suffering a tremendous loss, for 
it has become an industrial axiom that a man’s best 
work is done only when his heart beats in rhythm 
with his head and hands. 


Looking back over a short period of only 30 years, 
one can recall that a majority of the steel works and 
rolling mills of the country were each owned and 
operated by two or three men, often by only one 
man, who conducted the business, including the em- 
ployment of and the negotiation with labor, as best 
suited his individual judgment. An employe in the 
iron and steel industry of those days—manager, clerk 
or mill worker—had no possible opportunity to acquire 
an interest in the business, and thus share propor- 
tionately in its success. Those were the day when the 
real boss who owned the mill employed a man big 
enough, strong enough, and fearless enough to BOSS 
every man in the employ of the company. Those 
were the days when might and not right held full 
sway. Labor troubles once started meant war, and 
the chance for each side to attempt to get even, for 
either actual or supposed grievances. 


The change that has taken place in these 30 years 
is very marked—much more so than is appreciated by 
any one who has not faced the problem or studied 
the facts. I doubt that today there is a single rolling 
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mill owned by the old type mill operator; he has be- 
come a figure in history. Today a large proportion 
of the mills of the country are controlled by corpora- 
tions and managed by sound, industrial and humane 
policies, conceived and applied by men chosen by the 
stockholders. And this plan of selecting managers 
has brought about a marked change of attitude be- 
tween management and men. It has given birth to 
the newer conception of the responsibilities of indus- 
try, and in place of the old dingy, stuffy, dirty, tumble- 
down mills usually located where fresh air could not 
be had, there has come the newer mill—light, well- 
ventilated, clean, orderly, and equipped with modern 
appliances for the protection of life and limb, and 
for the production of larger tonnages at a minimum 
cost. 

And all this is a tribute to a growing recognition 
of the human element in industry, and that intangible 
“something” which is best described by the word 
spirit—that invisible part of human life which cor- 
responds to the electrical current in a storage bat- 
tery. As far as the mechanical side is concerned, the 
battery is completed before a wire is attached and 
the electric fluid injected, but in that condition it is 
absolutely worthless. However, just attach the con- 
tact wire, turn on the current, and, in due course, the 
battery has become a thing of life. The human body 
without spirit is like unto the uncharged battery; 
but give it spirit, which might be described as life in 
action, and you have turned a latent power into a con- 
structive force. 


Spirit is a force possessed by only such forms of 
life as have brains of such quality and in such quan- 
tity as to make energetic initiative possible. Com- 
pany spirit, industrially speaking, is group spirit. It 
stands for loyalty to company, to fellow workers and 
for aggressive action and co-operation. It makes for 
human and industrial development in every direction 
a happy condition that brings its own reward to the 
worker. 


We must not forget that labor furnishes the con- 
structive effort, the motive power, the ability to use 
skillfully the tools required. In fact, it must con- 
tribute all the human characteristics that make for 
efficient, continuous production and when such effort 
is properly directed and co-ordinated. 


Co-operation is a word or phrase commonly used 
but often little understood. Too many have the idea 
that it is something coming to them instead of some- 
thing going from them; that it is TO GET and not 
TO GIVE. Co-operation is not a man-made law. 
Everything in nature goes to prove that it is one of 
the strongest laws in life; and it seems strange that 
there should be so much selfishness in the human 
make-up when unselfishness and co-operation are so 
necessary to our very existence and success. 


Nor do we need to wander far afield for proof of 
the efficacy of co-operation. There is no better illus- 
tration of perfect co-operation than that found in our 
own human system: The brain, the eyes, the ears, 
the heart, the lungs, the arms, the limbs—all work with 
rhythmical precision, each assisting and supporting 
the other automatically. You do not have to beg your 
lungs to breathe, your heart to beat, nor your limbs 
to run—you have only to wish it and you move. 
Again, if your good right arm is injured in any way, 
you do not find fault with it or think less of it be- 
cause of that misfortune. No! You nurse it tenderly 
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and save it from every possible strain or shock until 
it is fully recovered. 

Co-operation, as visualized in human relations, is 
not merely a virtue. It should not be thought of as 
a virtue at all, but as something absolutely essential 
in all human accomplishment. 

The average worker is not radical. He is fair and 
honest at heart, and will always respond to a square 
deal and a chance for development and promotion. 
He, however, wants policies announced, visualized in 
actual every day experiences and not merely in words. 

With proper understanding between management 
and men, with all things affecting human life and 
progress, treated and handled as they can and should 
be in this enlightened age, every leader in industry 
and commerce can face the future in this great land 
of ever-increasing opportunity ‘with optimism and 
confidence. 


“Cpirit is that thing which drips and 
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Above is reproduced the back cover of the Armco 
Bulletin for November, 1923. The bulletin, published 
monthly “in the interest of ‘Armco Men,’ under the 
direction of the Department of Personal Service,” car- 
ries forth its frequent message of cheerful co- 
operation. 


The page here reproduced is typical of its con- 
tents, and of the organization which sponsors it, 
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Iron and Steel Review of 1923 


Forecasts Based on “Decade Doubling” Rule Must Be Revised 
By B. E. V. LUTY 


F there were such a thing as “normal” in steel, as to 
| tonnage and prices, the review of a calendar year 

would naturally begin by stating how closely the 
year approached, or how far diverged from, the nor- 
mal. But there is no normal in steel. Normal means 
something more than an average, but failing to have 
a normal, steel does not even have an average that can 
be taken to mean anything. Strike the arithmetical 
average of tonnage production or prices in steel for 
a period of years, and then add or drop a year at either 
end, and the average of the new group will probably 
be quite different. 


It used to be thought that there was a normal rate 
of increase in the production of pig iron. Long range 
comparisons cannot deal with steel, because steel 
is too recent, having supplanted wrought iron as the 
chief rolled product only in the eighteen-nineties. The 
author has definite recollections on the subject, as 
the first editorial he ever wrote was on the decline in 
puddling. The editorial appeared in January, 1893, 
in the “American Manufacturer and Iron World,” sub- 
sequently merged into the present Blast Furnace and 
Steel Plant, and showed as a result of a questionnaire 
that during 1892 the number of puddling furnaces in 
the Pittsburgh district had first decreased. There are 
no production statistics for that period separating 
rolled iron and rolled steel. 


Pig iron production is more or less natural as 
showing the activity of the iron and steel industry as 
a whole. The much quoted rule of years ago was that 
pig iron production doubled every ten years. The 
rule was discovered, or at least given publicity, by the 
late Abram S. Hewitt, once Mayor of New York City, 
and himself an “ironmaster.” The progression is not 
easily picked out by scrutiny of a table of production 
by calendar years, on account of wide fluctuations 
from year to year. The rule could be brought out 
nicely and plainly by taking decennial totals, but even 
then there are differences according to where the 
dividing line between the periods is placed. 


Just now we are much disposed to divide history 
into three parts, before the war, during the war and 
after the war, and so the doubling rule may be con- 
sidered by making the decades such that the last will 
end with 1913. Production of pig iron in the United 
States in gross tons has been as follows, in ten-year 
periods: 


1824-33 - - - - 1,400,000 
1834-43 - - - - 2,550,000 
1844-53 - - - - 5,750,000 
1854-63 - - - - 7,263,491 
1864-73, - - - - 15,980,823 
1874-83. - - - - 30,601,896 
1884-93 - - - - 68,100,326 
1894-03 - - - - 125,272,295 
1904-13, - - - - 243,955,657 


This 1s probably the grouping of years that will 
make the closest showing for the rule. At a glance 
these appear to be only two break-downs, but there is 
a third, which is of the great importance. Apparently 
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1834-43 showed a failure, but as the decade following 
more than quadrupled the decade preceding, showing 
5,750,000 tons instead of 5,600,000 tons this does not 
count against the rule. There was a break-down, not 
repaired, due to the very hard times that began with 
the panic of 1857. One may say that two or three 
years were lost forever, and then the doubling was 
resumed very plainly. The decade 1864-73 makes a 
basis by which the smallest departures are seen. 
Doubling its 16,000,000 tons slightly oversteps the 
next decade, but the following decade runs ahead 
of the quadrupling. Then the decade 1894 to 1903 
makes the second breakdown but this has the import- 
ant consequence that the decade 1904 to 1913 appears 
to show a doubling, by the immediate comparison, but 


_it does not carry out the long range comparison. 


In other words, at the outbreak of the World War 
the production of pig iron in the United States had 
gotten to the point where it could no longer carry out 
the geometrical progression. That is inevitable in any 
such case, whether coal mining or automobile pro- 
duction or what-not. 


Geometric progressions have to stop or eventually 
everybody would have to be mining coal or making 
automobiles or producing pig iron. In the long run 
an industry can do no more than grow as the popula- 
tion grows and as methods are improved whereby a 
given amount of work produces more. 


In such a geometrical progression, one decade must 
equal the total of all preceding time. This only fell 
five per cent short of working out in pig tron, thus: 


1824 to 1903 - - 256,918,931 
1904 to 1913 - - 243,955,657 


Fven with the great stimulus of the war demand, 
the following decade, just ended, has failed signally 
to approach the tonnage the rule would dictate. By 
the basis just used, 16,000,000 tons for 1864 to 1873, 
there should be 512,000,000 tons for 1914 to 1923, while 
doubling the decade 1904 to 1913 would make 488,000,- 
000 tons. The actual production has been 322,000,000 
tons, 37 per cent short of the one and 34 per cent short 
of the other. 


Post War Conditions. 

The opportunist may try to blame this on the war, 
but during the war most men thought otherwise. They 
believed the war was creating a great extra demand 
for iron and steel, that normal demand was piling up 
and that after the war this normal demand would be 
released, whereby all told there would be greater pro- 
duction in the combined war and post-war periods 
than would have occurred had there been no war. 


The more practical view is to take it that the rule 
of doubling broke down some time ago and that we 
must judge things afresh, relating one year to its 
neighbors rather than to the distant past. 

We are simply in a post-war period, but what does 
a post-war period mean’ Some people thought it 
meant a period of great prosperity, in which everyone 
would get along unprecedently well. That is, because 


a great many workers had been killed or disabled 
and much wealth had been destroyed we should then 
all have more goods—obviously absurd. Others said 
there would be a great industrial depression, in which 
we should “pay” for the war—equally absurd for you 
can't pay by being idle. 

One thing a post-war period does mean is a search 
by a cut and dry method for a substantial basis. Price 
standards, for comparison, had been lost. Naturally 
there would be swings, wide at first and tapering off. 
Iron and steel prices declined slightly after the war 
and then in 1920 advanced tremendously. The fol- 
lowing year they dropped to a lower level relative to 
actual cost of production than had ever been seen be- 
fore. The big vibration caused by the war is dying 
out. The pendulum swings less and less. 


Tonnage in 1923. 


For comparisons with recent years steel rather 
than pig iron may be used. According to the basis 
selected the steel production of 1923 was good, bad or 
indifferent. The production of ingots was between 
43,000,000 and 43,500,000 tons, and may be taken at 
43,000,000 tons. 


The year was a bad one in that at least as often as 
not in the past the production of steel in a year has 
made a new record, whereas 1923 did not altogether 
equal the record made six years earlier, with 43,619,- 
200 tons in 1917. 


It was an indifferent year on the basis that pro- 
duction was only about 82 per cent of rated capacity, 
which may be taken at 52,500,000 tons, while before 
the war it was the common view that steel demand 
had to engage at least 85 per cent of the capacity for 
prices to be at all satisfactory. 


It was a very good year on the basis that the pro- 
duction was 35 per cent above the average of the four 
preceding years. If the first four years after the war 
do not furnish any basis for comparison, what is the 
use in trying to make comparisons? 


The productive capacity is merely an accident of 
the war. Much of the war-time construction was pre- 
dicated upon its paying for itself before the war should 
end. Afterwards, with a practical cessation of new 
construction, the country could grow up to the higher 
level. It may be well to insert here a table showing 
the actual production of steel ingots, in gross tons: 


1912 - - - - 30,284,682 
1913 - - - - 30,280,130 
1914 - - - - 22,819,784 
1915 - - - - 31,284,212 
1916 - - - - 41,401,917 
1917 - - - - 43,619,200 
1918 - - - - 43,051,022 
1919 - - - - 33,694,795 
1920 - - - - 40,881,392 
1921 - - - - 19,224,084 
1922 - - - - 34,568,418 
1923 - - - - 43,000,000 


In passing, it may be noted that while steel ingots 
did not make a new record in 1923, pig iron did, the 
40,000,000 tons produced passing the record of 39,- 
434,797 tons produced in 1916. The point is merely 
of statistical interest. 

The Question of Normal. 


; As has been said, there is no normal in steel, that 
1s, no normal derived by the usual process of making 
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a graph or striking an arithmetical average. The 
question can be approached from another and more 
practical side. Instead of using the word “normal,” 
take the concept of “natural”. The consumption of 
some small and unusual article may fluctuate very 
widely, but steel is so great a part of our industrial 
life that it cannot vary a great deal relatively. Nearly 
all our industrial activity involves steel. 


The natural viewpoint as to steel is simply this, 
that the country is a great industrial machine and ac- 
cording as it functions, so steel is produced and con- 
sumed. There are so many persons gainfully em- 
ployed, the number increasing at the rate of some- 
thing like 10 per cent per decade. The proportion of 
workers engaged more or less directly with steel may 
vary somewhat. The proportion engaged in operating 
railroad trains may decrease and the proportion wear- 
ing out automobiles may increase. Men may cease 
making wooden furniture and make steel furniture in- 
stead. Then there may be improvements in practice 
instead. Then there may be improvements in prac- 
tice whereby an agricultural implement factory em- 
ploying a certain number of men may turn out more 
implements and thus use more steel. Finally there 1s 
the matter of how busy the country is. All the work- 
ers may be at work or some may be idle. 


The consumption of steel in any given year may 
therefore be regarded as represented by the continued 
product of the following factors: 


Total number of workers (growing population). 
Proportion engaged in working up steel (new 
uses). 


Efficiency of methods in consuming steel. 
Proportion of general business activity. 


The writer believes that if precise and correct 
values could be assigned to each of these four factors 
the product would stand in substantially exact relation 
to the consumption of steel at one time or another. 
Production would not do for short range comparisons. . 
For instance, in 1920 the country stocked up with 
steel, machinery, implements, etc., and had to liqui- 
date in 1921, getting the manufacturers of steel into 
final hands. 


Let us compare 1912 and 1913 with 1923. Each 
year had five or ten per cent of idleness or slack times, 
while 1923 had no idleness. With similar business ac- 
tivity those two pre-war years would have shown 
about 32,000,000 tons of ingots, and the 43,000,000 tons 
in 1923 would be 35 per cent increase. Of this, 12 
or 13 per cent is assignable to increase in population, 
which would make 36,000,000 tons, leaving 20 per cent 
to be accounted for by other factors. Harder work 
will not account for anything, since men are not work- 
ing harder. New uses can hardly be counted. We 
have the automobile and other things, but on the other 
hand there is some diversion of workers. A large pro- 
portion of the workers have been engaged in road 
building and dwelling house construction, which use 
relatively little steel, and a smaller proportion in build- 
ing factories, skyscraper hotel and ofhce buildings and 
bridges, which use much steel relative to man-power 
employed. ‘The 20 per cent increase in steel, beyond 
the 12 or 13 per cent assignable to increase in popula- 
tion, would probably be found chiefly in improvements 
in methods whereby the same amount of effort will 
consume or put Into use more steel. 
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Applied to the Future. 


We may use these factors in looking into the fu- 
ture. Population will probably increase something 
like 10 per cent per decade. Employment will prob- 
ably shift somewhat from the alignment of 1923, less 
road building and dwelling house construction, more 
factory, power plant, electric transmission and rail- 
road development. Efficiency will increase. These 
three factors will each make for more steel consump- 
tion. The fourth, general activity, can only move 
downward. There was full employment in 1923. 
There cannot be more than that and there can be less. 


For.1924 as compared with 1923 the first three fac- 
tors can effect little increase, in so short a time. The 
fourth could effect considerable decrease but there is 
no definite indication at this time that it will. Any 
variation, however, will necessarily be downward. 


Finally for the close range comparison a correc- 
tion must be made. The year 1923 was entered with 
consumers and distributers practically bare of stocks, 
which were certainly below normal. The year ends 
with stocks presumably about normal, though not 
excessive. It is impossible to make even an intelligent 
guess, but to put the matter into figures this can be 
sald, that the four post-war years, 1919 to 1922, showed 
an average ingot production of 32,000,000 tons a year, 
while with 43,000,000 tons in 1923 the five post-war 
years make an average of 34,200,000 tons a year, 
whereby 1924 can be 10 per cent under 1923 and yet 
13 per cent above the average of its five predecessors. 


Prices and Profits. 


The surprising thing about the steel market in the 
second half of 1923 was its failure to bear out predic- 
tions of price declines. When the peak prices of 1920 
began to yield there was a continuous decline until 
early in March, 1922, covering say 18 months. Then 
prices advanced until late in 1922, when the advance 
halted, to be resumed in January, 1923, The last ad- 
vances occurred late in April. Then predictions be- 
gan to appear that prices would soon begin to fall. 
As the months passed the predictions became more 
numerous, but prices did not decline. Demand did 
not keep up in full, but it held out better than had 
been expected. It was not a matter of relation be- 
tween demand and productive capacity, for through- 
out the price advancing period the mills were operat- 
ing at under capacity. Production costs had increased 
by wage advances and other factors, and believing that 
prices were only fair, mills were resolved to hold them, 
particularly as they had had the experience of the 
previous 18-month decline, to a level below cost, and 
did not want a market disturbance to start. The 
year 1924 may see some occasional yielding in prices, 
here or there, but with the fair demand that seems now 
to be fully promised there is not likely to be much 
change. 


Why Fear 1924? 


The general accepted conviction that a presidential 
year means poor business is characterized as “false 
and foolish” by Congressman Martin L. Davey of 
Ohio, in an article on “Why Fear a Presidential 
Year”? in the current number of The Nation’s Busi- 
ness. 

Mr. Davey, who writes as a business man rather 
than a member of Congress, declares that when busi- 
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ness was below normal in past presidential years this 
condition was due to some underlying economic cause 
and not to the fact that a president was to be elected. 
Since 1880, according to Congressman Davey, there 
have been five lean presidential years and five fat 
years. The last presidential year, 1920, had six months 
of good and six months of poor business. 


“The most serious recent depression,” he writes, 
“was early in 1921. It was estimated that there were 
5,000,000 people out of work. There are probably not 
less than 25,000,000 people in this country who have 
regular employment of one kind or another; so this 
worst period of business depression saw not more than 
20 per cent of the people out of work, thus largely 
stripped of their buying power. It might be argued, 
then, that the’ difference between peak prosperity and 
this more serious depression was not more than 20 
per cent. 

“By the same process of reasoning, it would seem 
that the difference between ordinary prosperity and 
ordinary depression is not over 10 or 15 per cent. 


“The demands of the American people, even in 
periods of depression, are so enormous that they stag- 
ger the imagination. What we call prosperity would 
appear to be the extra 10 or 16 per cent demand .above 
that of a period of depression. Ws. 


In reviewing the business history of presidential 
years during the last half century, Congressman 
Davey writes: “Business was bad in the last half of 
1920—yes, that was a presidential year — but busi- 
ness became worse and worse after the election and 
reached its lowest level about the middle of 1921. 
There was a very slow recovery from that time until 
the spring of 1922. Doesn’t this seem, then, that is 


- was not the election of 1920 that caused bad business, 


because conditions became worse after the election? 
That depression was due to underlying economic 
causes. 

“The year 1916 was also a presidential one. The 
chart shows that in that year business was between 
10 and 20 per cent above normal. Why did we have 
prosperity in 1916? Simply because the demands of 
the war were so insistent and widespread that even a 
blind man could see it. Everybody forgot about the 
effect on business of a presidential year, and we pros- 
pered during that year because the economic condi- 
tions were right. 

“We had an election in 1912. In the preceding 
year business was a little below normal, but in 1912 
business ran from 5 to 10 per cent above normal. 


“Go back then to 1908, which was also a president- 
ial year. In the fall of 1907 we had, as most of us 
recall, bad times which continued until about the mid- 
dle of 1908, when business started on the upgrade. 

“There had been depression in the latter half of 
1903, and then followed the election year of 1904, dur- 
ing which business was generally on the up-grade, 
although there was a slight reaction about the middle 
of 1904. 

“Then we came to the presidential year of 1900. 
The trend of business in 1900 apparently proceeded 
without the slightest regard for the election. 

“In 1896 the business interests of the country were 
more or less alarmed by the free silver campaign and 
this probably had some direct bearing upon the vol- 
ume of business, because there was a slight upward 
tendency which followed immediately after the elec- 
tion of that year. 
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Blast Furnace Progress 


1923 Saw a Return Toward Normal Operating Conditions 
—Much Research Undertaken 
By J. A. MOHR* 


HE year 1923 saw developments of much interest 

in blast furnace operation and practice. In output 

of pig iron it exceeded the high level reached dur- 

ing the war period. The low ebb of production in 

the middle of 1921 was followed by a sharp increase in 

1922, which continued in 1923, reaching its highest 

point in May, since which time there has been a steady 

decline in production, a forerunner perhaps of another 

wave of depression, with its consequent keen competi- 
tion and stringent economies. 

Furnace operation has been on a more normal 

plane than at any time since the war; coke and car 


*Superintendent Carrie Furnaces, Carnegie Steel Company, 
Rankin, Pa. ‘ 


shortages of past years were dominant; labor, while 
scarce, was not acute as in 1922. The effect of more 
settled conditions was reflected also in the generally 
better quality of raw materials, and altogether much 
has been done to smooth out the irregularities that 
have confronted the operator for several years. 


Economies of fuel and labor have held the front 
to a very marked degree. The increasing demand for 
power from the blast furnace plant caused by electri- 
fication of its adjacent steel plant, or the realization 
of the economy of the sale of electric power as a by- 
product has been the means of remodeling, and in 
many cases replacing old and wasteful equipment with 
modern economical machinery, to increase the by-pro- 


FIG. 1 


Digitized by Cox gle 


A remarkable view of world record furnace of Trumbull Cliffs Iron Company at Warren, Ohio, 


This furnace pro- 
duced 1,011 tons of iron in a single day (March, 1923), and averaged over 800 tons per day for the month of November, during 
which period straight ore was charged. 
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duct power output. With the increase in cost of fuel 
that has obtained in past few years, this development 
of fuel economy will be of ever increasing intensity, 
and demands the attention of every operator more and 
more. 


Mr. H. C. Siebert, combustion engineer of Bethle- 
hem Steel Company, in a recent paper before the Iron 
& Steel Electrical Engineers clearly points out the 
possibilities of power production at the blast furnace. 
quoting from his paper: 


Relation of the Blast Furnace to Fuel 
Economy in a Steel Plant. 


In a modern steel plant the blast furnace is the 
most important link in the chain of three primary 
units. It is the largest consumer of fuel, but also the 
largest producer of a valuable by-product — blast fur- 
nace gas — in which is present 50 per cent and more 
of the heat value of the coke entering the furnace. The 
bearing which the blast furnace has on fuel economy 
in general may be realized from the fact that in a good 
business year the production of pig iron in this country 
amounts to 37 million gross tons. With a fuel rate of 
2100 Ibs. per gross ton iron the coke required is 35 
million gross tons, and the coal necessary to produce 
this coke is about 50 million gross tons. 


Taking a net heat value of 12800 Btu. per Ib. coke 
and 50 per cent of this heat as available in the form 
of blast furnace gas we get on the basis of 13,000 
Btu. per Ib. coal, the fuel equivalent of 17.3 million 
tons coal per year. Assuming a high figure for the 
fuel required for heating the blast (one third the re- 
mainder or 11.5 million tons is available for general 
power purposes. This coal will generate nearly one- 
half of the electric power produced in this country, on 
the basis of present steam power plant requirement of 
coal. / 


From the preceding and from the following data it 
will be seen that the blast furnace is a huge gas pro- 
ducer of high efficiency. The economy which may 
be derived from the use of blast furnace gas depends 
upon the type of equipment in the plant. The factor 
of primary influence in this connection is the hot blast 
stove, which may require 15 per cent or 50 per cent of 
the total gas, depending upon the amount of its heat- 
ing surface, the type of burner equipment, the means 
of control, the fineness of gas cleaning, and on other 
details. Another factor of importance is the type of 
blowing and other power equipment. Thus more 
power and more surplus gas will be available for the 
steel plant if gas engines be used for power and for 
blowing purposes. 


As in the operation of the by-product coke oven, 
so in the operation of the blast furnace, the process 
of combustion must be carefully supervised and con- 
trolled. Every phase of the operation is checked quali- 
tatively and quantitatively. Thus chemical analyses 
is made of the materials entering and leaving the fur- 
nace. Record is kept of the air blown of the blast 
temperature and pressure, of the weight of material 
charged, etc., and especial attention is given to the 
quality and quantity of the fuel charged. 


The chief requirement of the blast furnace is that 
it produce iron of good quality and quantity with 
economy in coke. In its operation fuel (coke) plays a 
very important part as the entire process of iron and 
steel manufacture is influenced perhaps more by the 
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character of the fuel used than by any other factor 
connected with the furnace burden. 


Quality of the materials entering into the furnace 
burned as well as the distribution of those materials 
influence the operation of the steel plant as a whole. 
Thus poor coal may cause poor coke which may cause 
an irregular working of the furnace. Thus the quality 
and quantity of product will be influenced unfavorably 
and fuel economy of the furnace and of the other de- 
partments will be decreased. Other materials of the 
burden or a poor distribution of the materials may 
under certain conditions lead to similar consequences. 


The detail of blast furnace construction is so well 
known that it need not be considered here. It will 
suffice to state that present tendency in construction 
is in the direction of large hearths, the claim for which 
is greater output in iron and a greater fuel economy. 
So far as the writer is aware the largest hearth in use 
at present on a furnace smelting Mesaba ores is 20 
ft. 6 in. diameter. The output in iron consistently 
amounts to 600 tons and more per day. 


The average daily production of a modern blast 
furnace is less than the figure given above, a good 
daily average being 450 to 500 tons. 


Mr. K. Huessner, of the American Heat Economy 
Bureau, Pittsburgh, follows with an interesting dis- 
cussion. 


The part of Mr. Siebert’s extremely valuable paper 
which interests me most is the amount of power cal- 
culated by Mr. Siebert as obtainable from a 500-ton 
blast furnace using up-to-date steam equipment and 
maintaining a stove efficiency of 80 per cent. This 
amount is given in Table No. XVII as 8,800 k.w. per 
hour. This amount is vastly in excess of what is at 
present obtainable even at the best regulated plants. 
At the same time, I quite agree with Mr. Siebert’s cal- 
culations, with the only exception that I think Mr. 
Siebert ought to have made some allowance for gas 
leakage. Even in the best plants, a certain amount of 
leakage cannot be avoided, quite apart from losses 
through slips, etc. 


I believe that, if the gas orifices supplying stoves 
and boilers are properly apportioned, the top pressure 
can be kept comparatively low, in any case lower 
than the top pressures which are now generally being 
held at most of the up-to-date plants which operate on 
high blast pressures. But, even assuming the top 
pressure never exceeds 8-in., except in the case of 
slips, I think an allowance of 5 per cent of the total 
gas for leakage should be made. By doing so, the 
available heat for power production given in Scheme 2, 
Table XVII, at 171,000,000 Btu. would be reduced to 
157,000,000 Btu. and the hourly rate of current produc- 
tion from 8800 to approximately 8,100 k.w. Deducting 
from this amount the auxiliary load of approximately 
1,800 k.w., would leave a surplus current production, 
for which the furnace would receive credit, of 6,300 
k.w. per hour. At a value of only %c per k.w., this 
would mean an hourly credit of $31.50, or $1.50 per 
ton of iron. 


That such results can eventually be obtained, can 
hardly be disputed, but it might be worth while to 
investigate the difficulties which are in the way. The 
main difficulty of keeping perfect combustion at all 
times by means of automatic control, irrespective of 
pressure conditions, has been solved. I am giving 
hereafter two tables of combustion analyses made un- 
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fel erie — peas Nica scientific research of the factors affecting the 
oO. tove oO. tove O. tove O. tove furnace oO eration. 
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248 7 0 26.0 6 .  Stacle in attacking the problem and operation of 
the blast furnace to use the method of “trial and 
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Average of 45 analyses..............0c0ceee 24.71 1.05 007 other industrial problems. The variables are so 


der ordinary operating conditions and not with any 
view to running a test.” 


Economy of labor is of as much importance, and 
much has been done in the past year to reduce labor 
requirements to the lowest degree. The acute labor 
shortage of the past two years might be termed a 
blessing in disguise to the operator. It served well 
in showing where men could be eliminated who were 
before thought necessary, and where marked econo- 
mies could be gained in labor by slight improvements 
or modifications of existing equipment and methods. 


The most important development in labor condi- 
tions during the year was the successful institution of 
the eight-hour day in the blast furnace and steel plants. 
Starting in August, the change was made with start- 
ling speed and smoothness in all of the large blast 
furnace and steel plants. Most smaller plants have 
followed suit, and in a few more months the 12-hour 
turn will have been practically eliminated from the 
industry. It is not possible as yet to get a full un- 
derstanding of the effect this development will have 
on the labor conditions of the industry, but, based on 
the short time it has been in effect, the following con- 
clusions seem assured: First: It will result in a bet- 
ter quality of men, attracted by shorter hours and bet- 
ter pay. Secondly: It will be the means of raising the 
standard of labor in the industry relative to that of 
other industries. Third: Men will lose less time from 
work, due to a turn requiring less endurance than 
formerly, and also due to their having more time per 
turn to themselves to take care of other interests. 
Fourth: Increased efficiency of the men—they can be 
expected to do more work per hour for eight hours 
than was possible for twelve hours. Most operators, 
at the institution of the eight hour day, took advan- 
tage of this obvious possibility to reduce the number 
of men per eight hour turn as compared with the 
number required per twelve hour turn. Fifth: Econo- 
mizing of labor will be made still more intensive, due 
to the demand the eight hour day has placed upon an 
already scant labor supply. 


Much progress has been made during the year in 
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interrelated and are so dependent one on the 
other that the number of experimental combina- 
tions to be tried is enormous. There are certainly 
not less than 20 factors in furnace operation and de- 
sign that are known to influence the results. This is 
apparent if it is remembered that a phrase like “size 
and shape of the furnace” includes height of the fur- 
nace, height, diameter and angle of the bosh, inwall 
batter stockline diameter, and furnace volume; and 
that a phrase like “chemical and physical properties 
of the fuels charged” includes size and shape of the 
lumps, density, porosity and strength of the coke, in 
addition to its chemical analysis, Let us suppose that 
we need choose for each of 20 factors one of two val- 
ues, for example, suppose we must say only that the 
furnace shall be “tall” or “short,” that the bosh angle 
shall be “flat” or “steep,” that the ore shall be “coarse” 
or “fine,” or that the blast has to be “hot” or “cold,” 
the number of resulting combinations is more than 
1,000,000. In putting 20 pennies on the table, either 
heads up or tails up, the number of permutations pos- 
sible is the twentieth power of two, slightly more than 
one million. It 1s obvious, therefore, that some sort 
of mathematical relationship, a set of rules of thumb, 
laws, curves or the like are needed. Whether the re- 
lationships, curves or formulas are derived from ex- 
periment, from theory, or from mere guess-work, 
makes no difference provided they agree with the 
known facts. If they do not agree with known facts, 
they are worthless no matter what their origin or 
how weighty the “authority” vouching for them. Few 
such relationships have appeared in blast-furnace lit- 
erature, and it may be doubted whether such formu- 
las can be discovered. 


The Department of the Interior has been investi- 
gating the blast furnace process since 1916. The con- 
duct of this research, carried out by the metallurgical 
division of the Bureau of Mines, has not been simple. 
None of the possible methods of investigation has ap- 
peared promising. Three kinds of study have been 
tried. It has been found convenient to label these; 


*The report of this investigation begins in this issue of the 
Blast Furnace and Steel Plant. 
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FIG. 2—A very convenient table of blast furnace factors in ready reference form. 


plant observations, laboratory research, and experi- 
mental blast-furnace operation. 

Since 1919 the Bureau of Mines has constructed 
and blown in 35 experimental furnaces at its North 
Central Experiment Station, Minneapolis. The pri- 
mary object in designing and operating these furnaces 
was to establish working principles to aid the Bureau 
in its own experimental work. Enough progress has 
been made, however, to say that the experimental blast 
furnace is now an established and proven piece of re- 
search equipment. 


During the past year the results obtained in the 
operation of the experimental furnace at Minneapolis 
have been so far-reaching that the aspect of the prob- 
lem has been considerably changed. Unless the bu- 
reau is able to prove that its data are incorrect—and 
it is trying to do this—the whole trend of blast furnace 
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Courtesy HH. C. Stebert. 


research will have to be altered. The experimental 
furnace is less than one-quarter of the standard height 
(75 to 100 feet) adopted in England 50 years ago. All 
the furnaces built since the “metallurgical revolution 
of 1870” have copied the height used at that time. In 
the following half century commercial practice, indus- 
trial development and technical research have changed 
nearly every other detail of design, of construction 
and of operation. Blowing equipment, stoves, method 
of charging materials and means for disposing of prod- 
ucts have been improved to such extent that the goal 
of quantity production has been attained. Tonnages 
from furnace units have been increased five-fold and 


at the same time the actual amount’of labor employed 


has been reduced. Progress during this past 50 years 
of iron-making has been great, but it has been me- 
chanical and industrial progress, rather than metal- 
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lurgical. The modern American blast furnace with its 
stoves costs less than one-fifth of the total cost of the 
furnace plant.* It is as cheap to tear down and re- 
build five furnaces as it is to modernize the equipment 
of one. Today many furnaces are rather inefficient in 
their blowing, preheating, gas and material handling 
equipment. Blast furnace engineers, however, are 
available with the knowledge, skill and experience nec- 
essary to bring the equipment of these plants to such 
a degree of efficiency that the fundamental metallurgy 
of the process will again become the weakest link in 
the chain. The more recent results of the bureau’s 
research, therefore, are of particular interest at this 
time.” 


Extensive efforts are being made by investigators 
to find the factors affecting furnace production, coke 
consumption, life of lining and other phases of opera- 
tion. The properties of coke as affecting the blast fur- 
nace have been extensively investigated. Koppers, the 
U.S. Bureau of Mines (as noted previously), and others 
have been actively interested in this work. Analyses of 
the different properties of coke, such as hardness, poros- 
ity, cell structure, specific gravity, composition, etc., are 
being made in an effort to determine what effect these 
factors have upon the combustibility of coke and its 
use in the furnace. Nothing definite has yet been ac- 
complished, but this development is of wide interest 
and large value to the furnace operators, who have con- 
tended for years that much coke being made for blast 
furnace use does not fulfill the requirements of mod- 
ern practice. Possibilities of reducing the coke ash 
and sulphur have been brought out during the past 
year, having as their object the reduction of fuel con- 
sumption, sulphur elimination, and the use of leaner 
and more silicious ores in the burden. But such ef- 
forts have not yet been introduced into actual prac- 
tice, at least not to any great extent. 


The resumption of ore production at the famous 
Iron Mountain mines in Missouri, and the reduction 
of this ore by coke produced in by-product ovens from 
100 per cent Illinois coal at the plants of the National 
Enameling & Stamping Company, Granite City, IIL, 
be described in the October Blast Furnace & Steel 

ant. 


Development of furnace lines for increased produc- 
tion seems to be closely approaching its upper limits 
for the present materials used in the furnace. No at- 
tempt has been made during the present year to exceed 
the 20 ft. 9 in. hearth furnace first built in 1918. How- 
ever, the large hearth furnace to its present limits 
has been a marked success and stands out as the great- 
est step in modern practice. Present attempts to in- 
crease production are being made in remodeling old 
furnaces to larger sizes, in enriching the burden with 
additions of scrap, and in remodeling the blowing, 
stove and over auxiliary equipment of the furnace so 
that the full demand of the larger furnaces in wind, 
blast temperature, filling, and otherwise, can be met. 


Investigation of the qualities of fire brick and 
causes of failure of furnace linings has been made 
prominent by the results obtained by Nesbitt and Bell 
in the past year in their efforts to solve this problem. 
These investigators have succeeded in disintegrating 
fre clay brick by exposing it to the action of both pure 
CQO gas and blast furnace gas at temperatures of 


*[ron-making Economies Developed in 1922, F. H. Wil- 
cox. Iron Age,, Jan. 4, 1923, p. 84. 
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about 450 deg. C. Disintegration of the brick was 
found to have been caused by carbon deposition 
around iron oxided deposits, the swelling resulting from 
this action disintegrating the brick. The authors point 
out that either the use of a pure clay or of a properly 
weathered and selected clay is necessary for the pro- 
duction of a brick capable of withstanding this action. 
This work has been of large value to the blast furnace, 
and, while much work is yet to be done, a large step 
has been made in the development of better quality in 
furnace linings. 


The proper cleaning of blast furnace gas has long 
held the attention of the furnace operator, and the 
present year has marked the installation of at least 
one type of cleaner which had not heretofore been 
used in this country for cleaning blast furnace gas. 
The arguments pro and con regarding wet washing 
and dry cleaning have been many, but actual de- 
velopment of either type has not advanced during the 
year. 

One factor, whose effect on furnace operation, pro- 
duction, size, and auxiliaries could readily be of the 
most far reaching development that ever occurred in 
the blast furnace plant, the oxygen enrichment of air 
in the blast, has been the subject of serious investiga- 
tion. While no method has yet been devised of pro- 
ducing sufficient quantities of oxygen cheap enough 
to allow of its economical use in the blast furnace, 
still even the possibilities of this being accomplished 
have aroused wide interest. 


The ninth edition of the Shape Book, published by Carnegie 
Steel Company, is now off the press and available to users of 
stecl. The new edition is the result of a thorough check and 
revision of all the sections rolled by Carnegie Steel Company 
on its shape, rail, bar and plate mills, and while no important 
changes have been made in the regular sizes of structural and 
bar mill sizes of beams, channels, angles, tees and zees, a num- 
ber of changes have been made in the large number of special 
sections rolled by that company, such as concrete reinforcement 
bars, window and casement sections, automobile rim sections 
and other miscellaneous bar mill sections; certain rails and splice 
bar sections, which have become obsolete since the issue of the 
preceding eighth edition, have been eliminated in the present issue. 


A pamphlet entitled “Trade Standards Adopted by the Com- 
pressed Air Society” has just been published, embodying the 
result of extended study and research on the part of the execu- 
tives and engineers associated with the members of that or- 
ganization. It embraces the nomenclature and terminology relat- 
ing to air compressors and their operations; a history of the 
development of speeds of air compressors an explanation of 
capacities and pressures; instructions for the installation and care 
of air compressors with illustrations of devices suggested for 
cleaning the intake air; recommendation for the lubrication of air 
compressing machines and the cleaning of air receiver piping; 
a description of the low pressure nozzle test recommended by 
the Society, and a partial list of applications of compressed air. 
The Compressed Air Society publishes this pamphlet with the 
belief that there is a need for such an authoritative work of ref- 
erence and that compressed air engineers and users as well as 
manufacturers of air compressors will appreciate this step toward 
the establishment of definite trade standards in the industry. 
Copies may be had from the members or by addressing the sec- 
retary of the society, C. Hy. Rohrbach, 50 Church Street, New 
York. 
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Review of Iron and Steel Literature for 1923 


A Classified List of the More Important Books, Serials and Trade 
Publications During the Year; with a Few of Earlier 
Date, Not Previously Announced 


By E. H. McCLELLAND* 


rous metallurgy more concisely outlined than in 

the preface to the third edition of Bradley 
Stoughton’s “Metallurgy of Iron and Steel.” In ex- 
plaining the necessity for entirely rewriting certain 
parts of this well known text-book, the author enu- 
merates some of the more important developments 
during recent years: The blast-furnace has become 
mainly a producer of molten metal instead of cast pig- 
iron; improved design has increased production; 
scientific control is relied upon, and satisfactory re- 
sults are produced even with poorer ores and fuels. 
The automotive industries have been one factor in 
stimulating the large-tonnage production of high- 
quality steel. The technique of open-hearth opera- 
tion has been improved; the Bessemer converter now 
functions mainly as an accessory to the basic open- 
hearth furnace, and it is pretty generally recognized 
that acid open-hearth steel is superior to basic. Elec- 
trometallurgy has made rapid advances; metallography 
is widely recognized as essential in supplementing 
chemical and mechanical testing; more attention 1s 
given to hardness testing and dynamic testing; ex- 
amination by means of X-rays or magnetic analysis 
is establishing itself; and the development of alloy 
steels has been raprd. 

This rapid progress is a continuous challenge to 
the technical man. Since practice is always some- 
what in advance of published information, the special- 
ist may profit little from the literature concerned with 
his own special field of endeavor; but very few men 
have the time or the facilities for obtaining adequate 
first-hand knowledge regarding the entire range of 
steel technology, and thus, for most students of the 
subject, the printed word constitutes the best avail- 
able medium for keeping in touch with new develop- 
ments. 

The following review (which forms the seventh 
annual review prepared for the January issue of The 
Blast Furnace and Steel Plant) is confined to sepa- 
rately published works appearing in 1923, or too late 
in 1922 to be included in last year’s review. 


NW gous sae have we seen recent progress in fer- 


Where possible, the books have been personally 
examined by the compiler of this review. Certain pub- 
lications, however, were not available and the only 
information regarding them was in reviews in techni- 
cal journals, which in many cases failed to give ade- 
quate information. Some of the entries are therefore 
incomplete, and some are perhaps inaccurate. 


GENERAL 
Geology, Ores. 
Crowell & Murray. Iron Ores of Lake Superior. 
Ed. 5, revised. 332 pp. 1923. Penton Publishing Co., 
Cleveland, O. $5. 


Valuable information, including history, geology, mineralogy, 
exploration and mining, classification and sampling, methods of 


*Technology Librarian, Carnegie Library of Pittsburgh. 
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analysis, valuation, dock equipment, and description of individual 
mines and ores. 

England—Imperial Mineral Resources Bureau. Iron 
Ore; Summary of Information as to Present and Pros- 
pective Iron-Ore Supplies of the World. H. M. Sta- 
tionery Office, London. 


Pt. 7. Foreign America. 136 pp. 1922. 4 sh. 

Pt. 8. Foreign Asia. 79 pp. 1922. 2 sh. 6d. 

Accompanied by maps showing deposits. 

Jack, Robert Lockhart. Iron Ore Resources of South 
Australia. 71 pp. 1922. Government Printer, Adelaide. 
(Geological Survey of South Australia. Bulletin 9.) 


Lows, Henry. Mineral Valuation. 281 pp. 1923. 
Charles Griffin & Co., Ltd., London. 15 sh. 

Rather elementary work on general principles. Includes ex- 
amples from coal and iron properties. 

Murakami, Hanzo. Geology of the An-Shan Iron 
Mine District, South Manchuria. 53 pp. 1922. South 
Manchurian Railway. 

“Will be welcomed by alf who wish to know more of the 
geology of Asia."—Economic Geology, Dec. 1922. 

Oglebay, Norton & Company. Lake Superior Iron 
Ores. 31 pp. 1923. The Company, Cleveland, O. 

Analyses, 1923. 

Pickands, Mather & Company. Cargo Analyses, 
Lake Superior Iron Ores. 19 pp. 1923. Cleveland, O. 

Shedd, Solon, and others. Iron Ores, Fuels and 
Fluxes of Washington. 160 pp. 1922. (State of 
Washington—Department of Conservation and Develop- 
ment. Bulletin 27, Geological Series.) 


Manufacture, Testing. 


Barberot, A. - Fabrication de l’acier au four Martin. 
543 pp. 1923. J. B. Bailliere et Fils, Paris. 40 fr. 

Deals quite fully with design, construction, heating and opera- 
tion of open-hearth furnaces. “Index bibliographique” comprises 
five (unnumbered) pages. 

Belaiew, N. T. Crystallisation of Metals. 143 pp. 
aa University of London Press, Ltd., London. 7 sh. 

Lectures in advanced metallurgy, with considerable attention 
to ferrous metals. 

Bethlehem Steel Company. Bethlehem Mayari Pig 
Iron; a Natural Nickel-Chromium Alloy Iron for Mak- 
ing High-Grade Castings. 103 pp. 1923. Bethlehem, 
Pa. $1. (Publication 26.) 

Discusses applications, outlines proper foundry practice, and 
presents tests. Part of the book is prepared by Richard Mol- 
denke. 

Brayshaw, Shipley N.  Verhinderung von Haerteris- 
sen in Werkzeugstahl. Translated by Hans von Juept- 
ner. 129 pp. 1922. Arthur Felix, Leipsic. $1. 

Translation of paper before Iron and Steel Institute. 

Burnham, Thomas H. Special Steels; a Concise 
Treatise on the Constitution, Manufacture, Working, 
Heat Treatment, and Applications of Alloy Steels, 
Chiefly Founded on the Researches Regarding Alloy 
Steels of Sir Robert Hadfield, and with a Foreword by 
Him. 193 pp. 1923. Sir Isaac Pitman & Sons, Lon- 
don. 5 sh. (Pitman’s Technical Primers.) 
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Brief and non-technical. For students and users of steel. 
Central Steel Company. Agathon Alloy Steels. 43 
pp. 1922. Massillon, O. 


arade literature, giving properties and applications of special 
Steels. 

Dalby, W. E. Strength and Structure of Steel and 
Other Metals. 176 pp. 1923. Longmans, Green & Co., 
London. 18 sh. . 

Author has designed photographic attachments for testing 
machines, a beam of light tracing a record on a sensitized plate. 
The book is largely a consideration of his tests and a comparison 
with the results of other investigators. Metallography receives 
attention, also. 

England—Research Department, [Voolwich. German 
Gun Steels. 16 pp. and plates. 1923. H. M. Stationery 
Office, London. 3 sh. 

Chemical composition, microstructure and mechanical prop- 
erties of captured German guns. 

Fremont, C. Essais de réception des rails. 48 pp. 
Dunod, Paris. 10 fr. 


Fremont, C. Le marteau, le choc, le marteau pneu- 


matique. 194 pp. 1923. Paris. 


Friesen, Lennart von. Om syreijaern. 50 pp. 1922. 
A. B. Gunnar Tisells, Stockholm. 

Occurrence and determination of oxygen in iron and steel. 

Geuze, Leon. Forgeage et laminage. 362 pp. 1922. 
J. B. Bailliere et Fils, Paris. 30 fr. 

Well illustrated work. The first 150 pages deal with forging 
and furnaces and the remainder discusses rolling, considering 
mills of various types. 

Goodwin, W. M. A method of Smelting Titanifer- 
ous Iron Ore. 25 pp. 1922. Government Printer, 
Ottawa, Canada. (Honorary Advisory Council for Sci- 
entific and Industrial Research. Report No. 8.) 


Grigorovitch. [Metallurgy of Iron (in Russian) ]. 


Gosizdat, Moscow. 


Guillet, Leon. Les méthodes d’étude des alliages 
métalliques. 503 pp. 1923. Dunod, Paris. 65 fr. 

A thorough study of properties of both ferrous and non-fer- 
rous alloys. Physical testing is treated quite fully, under thermal 
analysis, variation of volume, electrical resistance, thermo-elec- 
tricity, magnetism, and various minor tests such as X-ray ex- 
amination. Includes also metallography and chemical and me- 
chanical tests. 

Hayes, Henry. Drop Forging and Drop Stamping. 
108 pp. 1923. Sir Isaac Pitman & Sons, Ltd., London. 
2 sh. 6 d. 


A brief introduction to equipment and methods of the drop- 
forge shop, and the thermal and mechanical treatment and metal- 
lurgy of drop forgings. 

Hendel, J. M. New Type of Reductor and Its Appli- 
cation to the Determination of Iron and of Vanadium. 
1922. The Author, Park Ave. and 68th St., New York. 
$1. 

Holverscheid, A. Die Walzwerke; Einrichtung und 
Betrieb. Ld. 2. 144 pp. 1923. Walter de Gruyter, 
Berlin. 

Houghton, (£. Ff.) & Company. Practical Metal- 
lurgy for Engineers. 431 pp. 1923. Philadelphia. $3. 

Concerned mainly with ferrous metals, dealing bricfly with 
raw inaterials and manufacturing processes, and in greater detail 
with heat treatment, testing and specifications. Non-technical. 

Iron and Steel Institute. Carnegie Scholarship 
Memoirs. Vol. 12, 295 pp. 1923. The Institute, 


London. 
Contains contributions on corrosion, pyrometry, mechanical 
properties and history. 


Tron and Steel Institute. Journal. Vol. 106, 458 pp. 
1922. Vol. 107, 807 pp. 1923. The Institute, London. 


Iron and Steel Institute. Subject and Name Index to 


Vols. LAXXIII-CIV, 1911-1921; and to Vols. III-X of 
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the Carnegie Scholarship Memoirs. 335 pp. 1923. The 
Institute, London. 20 sh. 


Jacquet, Alexis. Aciers, fers, fontes. Ed. 2, revised. 
Vol. 1, 231 pp. 1923. Dunod, Paris. 10 fr. 


Concerned with properties, tests and treatment, more than 
half the book being taken up with heat treatment and cementa- 
tion. 


Ledebur, A. Das Roheisen. Ed. 5, revised by F. 
Zeyringer, 99 pp. 1924 (sic). Arthur Felix, Leipsic. 

Macklin, E. L., and Middleton, E. L. Report on the 
Grinding of Metals and Cleaning of Castings, with Spe- 
cial Reterence to the Effects of Dust Inhalation upon 
the Workers. 100 pp. 1923. H. M. Stationery Office, 
I.ondon. 4 sh. 

Discusses abrasives and grinding machinery used, outlines 
processes for grinding various products, presents results of 
physical examination of workmen, and suggests measures for im- 
proving hygienic conditions. 

Mars, G. Die Spezialstaehle; ihre Geschichte, Eigen- 
schatten, Behandlung, und Herstellung. Ed. 2, revised. 
075 pp. 1923. F. Enke, Stuttgart. 


Moore, H. F., and Jasper, T. M. An Investigation 
of the Fatigue of Metals. Series of 1922. 100 pp. 
1922. University of Illinois, Urbana, Ill. (Engineer- 
ing Experiment Station. Bulletin 136.) 


Perrott, G. St. J., and Kinney, S. P. Combustion of 
Coke in Blast Furnace Hearth. 43 pp. 1923. Amer- 
ican Institute of Mining and Metallurgical Engineers, 
New York. 


Advance paper, Transactions of the American Institute of 
Mining and Metallurgical Engineers. An investigation of fur- 
nace conditions by means of water-cooled gas-sampling tubes 
driven into the hearth through the tuyeres. 


Piron, Emile, Traité pratique de tracé des can- 
nelures pour cylindres de laminoirs. 244 pp. + 128 plates. 
1922. A. De Boeck, Brussels. 50 fr. 


Includes a large number of designs sepresenting a Belgian 
designer’s experience of 35 years. 


Schomburg, W. Das Eisenhuettenwesen. 125 pp. 
1922. Uhlands Technische Bibliothek, Leipsic. 

Schoppimann, Rudolph. Eisen und Stahl. Ed. 4, 
revised by Carl Otto. 100 pp. 1922. B. F. Voigt, 


I.cipsic. 75 cents. 

Practical work dealing briefly with manufacture of iron, steel, 
and alloy steels, and with foundry work. 

Schweissguth, P. H. Freiformschmiede. 2 vols. 1922- 
23. Julius Springer, Berlin. 

Tools, methods and materials for forging. 

Sisco, Frank T. Technical Analysis of Steel and 
steel Works Materials. 543 pp. 1923. McGraw-Hill 
Book Co., New York. $5. 

In addition to analytical methods, nearly one-third of the 
book is devoted to laboratory design and equipment. 

Snodgrass, J. M., and Guldner, F. H. An Investi- 
gation of the Properties of Chilled Iron Car Wheels. 
University of Illinois, Urbana, III. 


Pt. 1: Wheel Fit and Static Load Strains. 103 pp. 
1922. 55 cents. (University Experiment Station, Bul- 
letin 129.) 

Pt. 2: Wheel Fit, Static Load, and Flange Pres- 
sure Strains. Ultimate Strength of Flange. 72 pp. 


1922. 40 cents. (University Experiment Station. Bul- 
letin 134.) 


Pt. 3: Strains Due to Brake Application, Coefficient 
of Friction and Brake-Shoe Wear. 100 pp. 1923. 50 
cents. (University Experiment Station. Bulletin 135.) 

Stahlwerks-Verband A.-G. Abteilung Ejisenbahn- 
Oberbaustotfe, Duesseldorf. Abschnitt 1-10, 1922. 
Duesseldorf. 
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A series of pamphlets giving dimensions and properties of 
rails, plates and other railway materials in rolled steel. 


Stillman, Albert Leeds. Briquetting. 466 pp. 1923. 
Chemical Publishing Co., Easton, Pa. $6. 

Practical methods. Concerned largely with fuel, but includ- 
ing metal wastes. 

Stoughton, Bradicy. Metallurgy of Iron and Steel. 
Ed. 3. 519 pp. 1923. McGraw-Hill Book Co., New 
York. $4. 


A thorough revision of this well known text-book. Many 
parts have been rewritten to bring them thoroughly up to date 
and the material added has been so extensive that the chapter on 
“Physics and Chemistry Introductory to Metallurgy” has been 
omitted from this edition. 


Tafel, Wilhelm. Walzen und Walzenkalibrieren. 
Ed. 2 and 3, enlarged. 303 pp. 1923. Fr. Wilhelm 
Ruhfus, Dortmund. $1.60. 


United States—Interstate Commerce Commission. 
Report on the Transverse Fissures in Steel Rails and 
Their Prevalence on Certain Railroads. 169 pp. 1923. 
Government Printing Office, Washington, D. C. 

Remedy is through proper grade of steel and regulation of 
loads. Requires co-operation between railroads and steel mills. 

Verein deutscher Etsenhuettenleute. Waermestrom- 
Bilder (Sankey-Diagramme) aus dem_ Elsenhuetten- 
wesen. n. p. 1922. Verlag Stahleisen, Duesseldorf. 
45 cents. 


Brief text and numerous diagrams illustrating heat flow in 
various kinds of metallurgical equipment. 


Vernon, Thomas H. Special Steels. 153 pp. 1923. 
Sir Isaac Pitman & Sons, New York. 

A rapid survey of alloy steels now in use. 

Vosmaer, A. Ijzer en Staal; hun Bereiding, Ver- 
werking, Eigenschappen en Toepassingen. 


Pt. 3: Eigenschappen, Onderzoek, en Toepassingen. 
204+ pp. 1922. A. W. Sijthoff’s Uitgeversmaatschappi, 
levden. $1.45. 

Wuest, Frits, ed. Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fuer Eisenforschung zu Duesseldorf. 
Vol. 4. 163 pp. + 16 plates. 1922. Verlag Stahleisen, 
Duesseldorf. 


Contains numbers 21-31 continuing the series of theoretical 
papers on iron and steel published in earlier volumes. 


Economics, Statistics, Directories. 


American Iron and Steel Institute. 
tical Report for 1922. 98 pp. 1923. 
New York. $3.50. 

Statistics of production, consumption and prices of raw and 
finished products of the steel industry. ; 

Andresen Company, Inc. Directory Giving List of 
Companies Operating Blast Furnaces, Steel Plants, Roll- 
ing Mills and Allied Industries; Forging and Stamping 
Plants in the United States and Canada, together with 
List of Executives and Operating Officials. 174 pp. 
1923. Pittsburgh. $5. 

Association des Mattres de Forges de Lorraine. L’In- 
dustrie sidérurgique en Lorraine en 1921 et 1922. The 
Association, Metz. 

Bensinger Iron and Steel Code. 120 pp. 1923. C-. 
3ensinger Co., New York. $7.50. 

“First complete cable and telegraph code covering the Iron 
and Steel Trade in general. * * * Contains over Nineteen Thou- 
ae five-letter words with at least a two-letter variation.”— 

rejace. 

Burchard, Ernest F., and Dawss, H. W. Iron Ore, 
Pig Iron and Steel in 1921. Published April 23, 1923. 
Government Printing Office, Washington, D. C. 

Advance publication comprising pp. 565-597 of the United 


States Geological Survey’s ‘Mineral Resources of the United 
States, 1921,” Part I. 


Butler, J. G., Jr. Fifty Years of Iron and Steel. 
Ed. 7. 


Annual Statis- 
The Institute, 
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“Contains the addition of a chapter which recites the begin- 
ning and development of the open-hearth process of stee] manu- 
facture in the United States. Several illustrations also have 
been added to the book. . . It has become an authoritative 
treatise of the rise of American iron and steel manufacture for 
two-thirds of a century up to the present day, rich in historical 
facts and marked by color and personal reminiscences.”—Iron 
Trade Review, Nov. 15, 1923. 

Colliery Year Book and Coal Trades Directory, 1923. 
844 pp. 1923. Louis Cassier Co., Ltd., London. 12 sh. 

Lists of officials, owners, producers, merchants, etc., also of 
gas works, electric plants and blast-furnaces. 

Cotter, Arundel. La corporation de I’acier aux Etats- 
Unis. Translated by André Aude. 238 pp. 1923. Vui- 
bert, Paris. 10 fr. 


Jensen, Carl. Cost Problems in the Wrought Iron 
Industry. National Association of Cost Accountants, 
New York. 

Deals particularly with cost accounting in the manufacturing 
of muck bar, skelp, and pipe. 

Metal Statistics. Ed. 16. 512 pp. 1923. American 
Metal Market Co., New York. $1. 


Statistical information on both ferrous and non-ferrous 
metals. 


National Federation of Iron and Steel Manufac- 
turers. Statistics of the Iron and Steel Industries. 83 pp. 
The Federation, London. 5 sh. 4 d. 

Detailed figures and records of iron and steel production of 
the world, over an extended period. 

Olds, M. Analysis of the Inter-Church World Move- 
ment Report on the Steel Strike. 1922. G. P. Putnam’s 
Sons, New York. $2.50. 


Rodale, J. I]. War-Time Depreciation in Open Hearth 
Steel Plants and Rolling Mills. 1923. National Asso- 
ciation of Cost Accountants, New York. 75 cents. 


Skinner, Walter R. Mining Manual and Mining 
Year Book for 1923. 824 pp. 1923. Author, London. 
21 sh. 6 d. 


Primarily an investors’ manual, giving brief information on 
many mining and metallurgical companies, mainly British. In- 
cludes some coal and iron companies. 


Tross, Arnold. Der Aufbau der Ejisen- und Ejisen- 
verarbeitenden Industrie-Konzerne Deutschlands. 1923. 


Wagner, Joseph. La siderurgie luxembourgeoise avant 
la découverte du gisement des minettes; histoire tech- 
nique du bon viex temps. 209 pp. Paul Schroell, Die- 
kirch, Luxemburg. 


Electrometallurgy and Other Applications 
of Electricity. 


Association of Iron and Steel Electrical Engineers. 
Proceedings. 1922. 968 pp. 1923. The Association, 
Pittsburgh. $5. 


Coussergues, C. Clausel de. L’electrosidérurgie, fab- 
rication de l’acier au creuset. 416 pp. J. B. Bailliére et 
Fils, Paris. 50 fr. 


Rademacher, W. H., comp. Lighting of Steel Mills 
and Foundries. 32 pp. 1923. Edison Lamp Works of 
General Electric Company, Harrison, N. J. (Lighting 
Data. Index 66, Bulletin L. D. 150.) 

“Bibliography,” p. 32. 

Russ, E. F. Die Elektro-metallschmelzofen. 161 pp. 
1922. R. Oldenbourg, Munich. 


Stansfield, Alfred. Electric Furnace for Iron and 
Steel. 453 pp. 1923. McGraw-Hill Book Co., New 
York. $5. 

Supersedes author’s “Electric Furnace” published in 1907 and 
again in 1913. Includes smelting and steel making and is valu- 
able for description of types and for operating data. A later 
volume will deal with general principles and non-ferrous appli- 
cations. 
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Foundry Practice. 


Dwyer, Pat. Tales from the Gangway. 450 pp. 
1923. Penton Publishing Co., Cleveland, O. $3. 


“Each article is introduced in anecdotal and somewhat hu- 
morous fashion and concludes with a good deal of practical in- 
struction on foundry method. * * * Makes interesting reading for 
the average foundry worker who does not want his technical 
reading to be too technical.”—/ron Age, April 5, 1923. 


Everitt, Frank, and Heywood, Johnson. Cost Con- 
trol for Foundries. Edited by William R. Basset. 226 
pp. 1923. McGraw-Hill Book Co., New York. $3. 

Includes a large number of forms, and indicates those adapt- 
ed to the small foundry. 

Foundrymen’s Handbook. Revised ed. 309 pp. 
1922. Penton Publishing Co., Cleveland, O. $5. 


Not a manual of foundry practice but a collection of tables 
and data for reference. 


Hanley, Edmund C. Wood Pattern Making. 191 pp. 
1922. Bruce Publishing Co., Milwaukee. 


Well illustrated text, primarily for manual training schools. 


Horner, Joseph G. The Modern Ironfoundry. 255 
pp. 1923. Henry Frowde and Hodder & Stoughton, 
London. 15 sh. 


A general work on materials and methods. Partly reprinted 
from British trade journals. 

Irresberger, Carl. Der Kupenlofenbetrieb. 54 pp. 
1922. Julius Springer, Berlin. 


Kirk, E. Dr. Edward Kirk’s System of Foundry 
' Practice; Dry Sand Cores. 1922. The Author, 938 N. 
10th St., New York. $12.50. 


McCracken, Edward M., and Sampson, Charles H. 
Pattern-Making. lll pp. 1923. D. Van Nostrand Co., 
New York. 10 sh. 6 d. 


Includes some discussion of foundry methods. 


Parsons, S. J. Practical Moulding. 136 pp. George 
Routledge and Sons, London. 5 sh. 

A straightforward introduction to foundry practice. 

Stadtmueller, Hugo. Die Schmelzoefen der Eisen- 
Stahl- und Metallgiesserei. Ed. 2, enlarged. 325 pp. 
1922. Gutsch, Karlsruhe. 


United States—Bureau of Labor Statistics. Safety 
Code for the Protection of Industrial Workers in Foun- 
dries. 12 pp. 1923. Government Printing Office, 
Washington, D. C. 

Tentative American Standard, Approved by American En- 
gineering Standards Committee. Sponsored by National Found- 
ers’ Association, and American Foundrymen’s Association. 


Wendt, R. E. Foundry Work; a Text on Molding, 
Dry-Sand, Core-Making, and the Melting and Mixing of 
Metals. 206 pp. 1923. McGraw-Hill Book Co., New 
York. $2. 


Text-book for students and apprentices. 


Furnaces, Heat Treatment. 


American Society for Steel Treating. Handbook of 
the American Society for Steel Treating. Loose leaf. 
Preface dated Dec., 1923. 

Object is “to present, in a concise form, charts, data and other 
information pertaining to the manufacture or treatment of met- 
als.” Material is unindexed. Classification provides for 25 sub- 
jects, either special steels or processes. 


Brearley, Harry. 


Waermebehandlungen. Translated by Rudolf Schaefer. 
Ed. 3, 324 pp. 1923? Julius Springer, Berlin. 


Fuels and Furnaces. Monthly. F. C. Andresen & 
Associates, Inc., Pittsburgh. 

A journal devoted to fuels, furnaces, ovens, kilns, and in- 
dustrial heating in all its phases. Contains original papers and 
numerous abstracts from other technical and trade journals. First 
issued in May, 1923, the eight numbers issued during the year 
form a total of 862 pages. 


Google 


Die Werkzeugstahle und _ ihre: 


January, 1924 


Groume-Grjimailo, W. E. Flow of Gases in Fur- 
naces. Translated from Russian into French by Leon 
Dlougatch and A. Rothstein, with a Preface by Henry 
Le Chatelier; translated from the French by A. D. Wil- 
liams, with an Appendix upon the Design of Open- 
Hearth Furnaces. 399 pp. 1923. John Wiley & Sons, 
New York. $5.50. 


Contains bibliographical foot-notes. 

“This book is built up about a helpful analogy which regards 
the flow of hot gases in furnaces as resembling inverted streams 
of fluid, owing along the tops of furnaces and flues, over in- 
verted weirs, and exerting quite appreciable pressures as their 
height increases. . . The development of the analogy, the pre- 
sentation and use of the formulas, for the flow of hot gases over 
inverted weirs, and the application of these principles to the de- 
sign of reverberatory furnaces and kilns of various types, are the 
most valuable portions of the book.”—IJndustrial and Engineering 
Chemistry, 1923. 

Simon, Eugen. Haerten und Vergueten. Ed. 2. 
2 vol. 1923. .Julius Springer, Berlin. (Werkstatt- 
buecher, pt. 7-8.) 


Trinks, Willibald. Industrial Furnaces. Vol. 1, 319 
pp. 1923. John Wiley & Sons, New York. $4.50. 


The first work to deal at all adequately with the theory of in- 
dustrial-furnace design. Volume one is confined ta fundamental 
principles and will be of special value in connection with reheat- 
ing furnaces for steel. The analysis of specific applications is 
reserved for volume two. 


Refractories. . 


Bischoff, Carl. Die feuerfesten Tone und Rohstoffe. 
Ed. 4, revised by K. Jacobs and E. Weber. 266 pp. 
1923. J. A. Barth, Leipsic. 


Schwartz, Robert. Feuerfeste und hochfeuerfeste 
Stoffe. Ed. 2, enlarged. 1922. F. Vieweg, Brunswick. 


Searle, Alfred B. Chemistry and Physics of Clays 
and Other Ceramic Materials. 634 pp. 1923. Ernest 
Benn, Ltd., London. 55 sh. 


Gives some attention to the requirements of steel manufac- 
turers. 


Searle, Alfred B. Refractories for Furnaces, Cru- 
cibles, etc. 170 pp. 1923. Sir Isaac Pitman & Sons, 
Ltd., London. 5 sh. 

Deals briefly with materials, shaping, drying, and burning. 

Searle, Alfred B. Refractory Materials; Their Manu- 
facture and Use. Ed. 2. 2 vols. Charles Griffin & Co., 
London. 42 sh. 


Stainless Steel, Corrosion. 


Firth-Sterling Steel Company. Firth-Sterling Stain- 
less Steel. 61 pp. 1923. McKeesport, Pa. $1. 


A valuable work, dealing with history, applications, treat- 
ment and properties. 


Hamlin, Marston Lovell, and Turner, F. M., Jr. 
The Chemical Resistance of Engineering Materials. 267 
pp. 1923. Chemical Catalog Co., New York. $5. 


Compilation of data on the action of industrial chemicals on 
metallic and non-metallic structural materials. Devotes consid- 
erable attention to corrosion of iron and steel. 

Polansky, Victor S., comp. Stainless Steel and Stain- 
less Iron; a List of References to Material in the Car- 
negie Library of Pittsburgh. 21 pp. 1923. Free. 
(Postpaid, 5 cents.) Carnegie Library of Pittsburgh, 
Pittsburgh. 

Annotated list of more than 200 references. 

Pollitt, dlan A. YVhe Causes and Prevention of Cor- 
rosion. 230 pp. 1923. D. Van Nostrand Co., New 
York. $6.50. 


A reasonably thorough survey of corrosion and its prevention. 
Structural Steel. 


American Institute of Steel Construction. Standard 
Specification for the Design, Fabrication, and Erection 
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of Structural Steel for Buildings. 23 pp. 1923. The 
Institute, Cleveland, O. 

Association of American Steel Manufacturers. Manu- 
facturers Standard Specifications for Structural and 
Boiler Steel. Revised Nov. 24, 1922. 12 pp. 1923. 
The Association, Pittsburgh. 


Bethlehem Steel Company. Lackawanna Steel Sheet 
Piling. 25 pp. 1923. Bethlehem, Pa. (Bulletin 10.) 

Gives dimensions, weights, properties, connections and splices. 

Bland, M. C. Handbook of Steel Erection. 241 pp. 
1923. McGraw-Hill Book Co., New York. 

For the civil engineer and contractor, and not concerned with 
metallurgy. 

Carnegie Steel Company. Extracts from Carnegie 
Pocket Companion, for Engineers, Architects and Build- 
ers. 156 pp. 1923. Pittsburgh. 

ae information and tables pertaining to structural 
steel. 


Carnegie Steel Company. Shape Book. Ed. 9, 346 
pp. 1923. Pittsburgh. 

Lloyd’s Register of Shipping. Jordan’s Tabulated 
Weights of Iron and Steel Sections and Other Informa- 
tion, for the Use of Naval Architects, Shipbuilders and 
Manufacturers. Ed. 8. 317 pp. 1923. E. & F.N. 
Spon, Ltd., London. 15 sh. 

Skelton (R. A.) & Company. Broad-Flange Beams, 
Grey Process. London. 5 sh. (Handbook No. 18.) 

The first of a new series of Skelton’s structural steel hand- 


books. Supersedes numbers 10 to 14 dealing with pre-war sec- 
tions which are obsolete and are no longer rolled by the firm. 


UNITED STATES GOVERNMENT 
PUBLICATIONS 


Certain publications listed below may be obtained 
from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. 


UNITED STATES BUREAU OF STANDARDS 
Circulars. 
No. 58. Invar and Related Nickel Steels. Ed. 2. 
93 pp. 1923. 30 cents. 


Scientific Papers. 

No. 448. Decarburization of Ferrochromium by 
Hydrogen, by Louis Jordan and F. E. Swindells. 327- 
334 pp. 1922. 5 cents. 

No. 452. Structure of Martensitic Carbon Steels and 
Changes in Microstructure Which Occur upon Temper- 
ing, by Henry S. Rawdon and Samuel Epstein. 373-409 
pp. 1922. 15 cents. 

No. 453. Preparation and Properties of Pure Iron 
Alloys. Pt. 1: Effects of Carbon and Manganese on 
the Mechanical Properties of Pure Iron, by Robert P. 
Neville and John R. Cain. 411-443 pp. 1922. 10 cents. 

No. 457. Gases in Metals. Pt. 1: The Determina- 
tion of Combined Nitrogen in Iron and Steel and the 
Change in Form of Nitrogen by Heat Treatment, by 
Louis Jordan and F. E. Swindells. 499-511 pp. 1922. 
5 cents. 

No. 458. Apparatus for the Determination of the 
Magnetic Properties of Short Bars, by M. F. Fischer. 
513-526 pp. 1922. 5 cents. 

No. 463. Preparation and Properties of Pure Iron 
Alloys. Pt. 2: Magnetic Properties of Iron-Carbon 
Alloys as Affected by Heat Treatment and Carbon Con- 
tent, by W. L. Cheney. 609-635 pp. 1922. 15 cents. 


No. 464. Preparation and Properties of Pure Iron 
Alloys. Pt. 3: Effect of Manganese on the Structure 
of Alloys of the Iron-Carbon System, by Henry S. Raw- 
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don and Frederick Sillers, Jr. 637-653 pp. 1922. 10 
cents. 


Technologic Papers. 


No. 228. Lathe Breakdown Tests of Some Modern 
High-Speed Tool Steels, by H. J. French and Jerome 
Strauss. 183-225 pp. 1923. 15 cents. 


No. 229. Some Tests of Steel-Wire Rope on Sheaves, 
by Edward Skillman. 227-243 pp. 1923. 10 cents. 


No. 235. Thermal Stresses in Steel Car Wheels, by 
George K. Burgess and G. Willard Quick. 367-403 pp. 
1923. 15 cents. 


No. 241. A Comparison of the Deoxidation Effects 
of Titanium and Silicon on the Properties of Rail Steel, 
by George K. Burgess and G. Willard Quick. 581-635 
pp. 1923. 10 cents. 


UNITED STATES BUREAU OF FOREIGN AND 
DOMESTIC COMMERCE 


Trade Information Bulletins. 

No. 6. The Brazilian Iron and Steel Industry, by 
W. L. Schurz. 11 pp. 1922. 

No. 11. The Steel-Making Facilities of Great Brit- 
ain, by H. B. Allin Smith. 9 pp. 1922. 


No. 35. Iron and Steel Industry and Trade of 
Poland, by H. B. Smith. 12 pp. 1922. 


No. 66. Statistical Record of the British Iron and 
Steel Industry, by H. B. Allin Smith. 13 pp. 1922. 

No. 96. German Iron and Steel Industry, by C. E. 
Herring. 13 pp. 1923. 

No. 133. The British Steel Industry, by H. B. Allin 
Smith. 22 pp. 1923. 


Zinc Production in Norway 


The Ilen Smeltevaerk, in Trondhjen, Norway, has 
now resumed its operations for the manufacture of zinc, 
and it is expected that the production will increase in 
the course of the year, according to the Norges 
Handels-og Sjofartstidende. The works has received 
a cargo of 2,000 tons of zinc ore from Mexico. 

Ilen Smeltevaerk is owned by Mr. Tharaldsen, the 
inventor of a new process for the manufacture of zinc, 
who also owns the Jossingfjord Fabrikker, which is 
now working at full capacity. The Belgium Zinc Syn- 
dicate has acquired rights to utilize the Tharaldsen 
methods for zinc manufacture, and the syndicate will 
soon commience operations, as it has rented 20,000 horse- 
power electric energy from the Tyssefaldende in Har- 
danger. 

The zinc ore used in Norway for the manufacture of 
zinc is taken from Spain and Mexico, the bulk coming 
from the latter country. Some zinc ore is also found 
in Norway, and Mr. Tharaldsen has experimented with 
Norwegian ore for the manufacture of zinc. These ex- 
periments are said to have been very satisfactory. 

An important by-product, sulphur, is obtained from 
the manufacture of zinc, and can be produced in such 
quantities that it might seriously threaten the Norwegian 
pyrite industry. 


Straits Trading Report 


The report of the Straits Trading Company, Ltd., for 
the half year ended March 31 shows that during that 
period a net profit of $604,765.44 was made. With the 
balance of $438,342.60 brought forward from the last 
account, this made a total of $1,043,108.04 available at 
the end of the half year. 
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Chicago Points With Pride 


Historical Sequences in the Development of a Truly Remarkable 
Steel Unit. 


By F. J. CROLIUS 


HE Inland Steel Company have built and are ex- 
"[  panding one of the finest concentrations of mod- 

ern steel producing facilities that can be found 
anywhere in the world. 

If we were to take a map of the United States, and 
carefully search for the ideal location, weighing all 
the advantages against the limitations, this section 
of splendid lake front would probably mark the end of 
our quest. 

Then if we were to call into consultation the best 
minds in steel engineering and give them carte blanche 
to design an ideal economic unit, the result of their 
labors would closely resemble the Indiana Harbor 
plant as it will look when the expansions now under 
construction are in full operation. 


Lake ore in company vessels, coal and limestone 
are assembled directly at the blast-furnaces. Coke 
from this coal is made in modern by-product ovens lo- 
cated in the heart of the plan. Scrap is abundantly 
available over a veritable network of communicating 
railroads, both trunk line and belt-line, and shipments 
of finished material enjoy the same facilities for dis- 
tribution. 

Being the center of a great steel producing area, 
labor is familiar with the activities involved, and a 
floating supply is always available to draw upon. 


Gas and tar from coke-ovens is conveniently car- 
ried to nearby furnaces, and power generated from 
blast-furnace gas finds ready application in the motor 
driven mills. 
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Water, which is so vital to all great blast furnaces, 
coking operations, and mill practices, is forever abund- 
ant, directly from the Great Lakes, a source which 
guarantees an unfailing supply of clear, alkaline water 
requiring the very minimum of conditioning, not sub- 
ject to the variations of seasonal floods, famines, con- 
taminations or variations in level. 


From every angle, Inland Steel presents the picture 
of an engineered layout—not just a hetrogeneous col- 
lection of mills of various sizes and for various pur- 
poses, which have grown from some vague historical 
source into a great tangle, whose only apparent points 
of contact are the lines of railroad track, the inter-con- 
nected steam lines, gas and water lines, or power- 
lines; the first impression is one of magnitudes finely 
balanced for a definite purpose, and the ultimate im- 
pression is a clear consciousness that what was in 
the minds of the original builders has been projected 
forward into an assembled whole. 


In the detailed description of a great steel plant it 
is customary to secure authentic information from 
those officials and operating executives qualified to 
produce it. We are indebted in this case to Mr. Wil- 
liam A. Maxwell, Jr., General Superintendent; Mr. 
Carl Smith, Steam Engineer, and Mr. H. R. de Holl, 
Superintendent of By-Product Coke Plant; their arti- 
cles are incorporated without revision. 

The Inland Steel Company was incorporated Oc- 
tober 30, 1893, for the purpose of building and operat- 
ing a rolling mill for the rolling of old rails into mer- 


A remarkable picture of the group of blast furnaces at Inland Steel Company, showing the new No. 3 furnace in the distance. 
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This view of the lake front gives a clear idea of the transportation facilities. One of the company steamships alongside her pier, 
with gantry unloader in position, aand ore bridge extension at the left. 


chant bars, small angles, etc. This plant was located 
at Chicago Heights, IIl., and at the present time has 
an annual capacity of 50,000 tons of bars and occupies 
about five acres of ground. 


Early in 1900 it was decided to build an open 
hearth plant for the manufacture of open hearth steel. 
In 1901 the company acquired property at Indiana 
Harbor, Ind., and began the erection of a modern 
open hearth steel plant. 


The plant as now constituted consists of 130 by- 
product coke ovens with complete equipment for re- 
covery of all by-products, three modern blast furnaces, 
26 open hearth furnaces, blooming mills, sheet bar 
mill, rail mill, bar mills, sheet mills, plate and struc- 
tural mills, splice bar and tie plate departments and 
bolt and spike mill, together with all the necessary 
equipment for complete operations, such as steam, 
electrical and motive power and machine shops. 


The company owns an interest in the Inland 
Steamship Company which operates two ore boats of 
10,000 tons capacity each for transportation of ore, 
coal and limestone. 

The company owns directly or indirectly leases or 
interests in leases on seven iron ore properties in 
Mesaba and Cuyuna Ranges; and also owns directly 
or indirectly interest in four coal properties located in 
Pennsylvania, West Virginia and Illinois. 


Digitized by € OX gle 


‘ The estimated annual capacity of the plants at In- 
diana Harbor, Ind., and Chicago Heights, IIl., is as 
follows: 


By-products coke, net tons...........+... 550,000 
Coal tar; Salons... cssinis casa ornate ees 7,000,000 
Sulphate of ammionia, (DS. 6 scicscvainiavioe ces 17,000,000 
Light oil products, gallons............... 2,000,000 
Pig TON, POSS: tONS ss. oi0\iu.ccivasios vey cedtons 600,000 
Open hearth steel ingots, gross tons...... 1,200,000 
Blooms and slabs, gross tons............. 1,200,000 
Sheet bar and billets, gross tons........... 350,000 
Structural shapes, gross tons............. 210,000 
Rana: CYOSS* TORS 5..6 (iaeuwsa casein etiawns 240,000 
SATS, - CTOSS CORB iie dic. are cs Medora Ame ate 170,000 
Sheared plates, gross tons................ 200,000 
SREECS, “NEE ONS s 65554. Cccerae ss ema aks 120,000 
Die. plates; PPOSS. TONS si..6 cc cack sane ve oun 30,000 
spice: Dare, SrOSs.. TONG 355 svcd cia aeises 30,000 
Rivets, track spikes and bolts......... Sous 30,000 


The additional finishing capacity now under con- 
struction will increase the annual capacity of finished 
steel products by approximately 185,000 tons. 


The company owns over 600 acres of land at In- 
diana Harbor, Ind., with frontages on the southern 
shore of Lake Michigan and the government ship 
canal, where its main plant is located. 
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The company also owns more than 800 acres of 
land fronting on Lake Michigan in Porter County, 
Ind., about seven miles east of Gary, Ind. 

With the harbor and docks alongside its property 
and connection with the main lines of the New York 
Central, Pennsylvania, and Baltimore & Ohio sys- 
tems, the company’s transportation facilities are 
favorable for both water and rail shipments. 
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The plant was started in 1902, the equipment con- 
sisting of four 50-ton open hearth furnaces fired with 
producer gas; one 32-in. reversing blooming mill 
driven by a 30x48-in. twin simple non-condensing 
engine through reduction gears; one 24-in. two high 
four stand bar and structural mill driven by a 36x48- 
in. twin simple non-condensing engine built by Wm. 
Todd & Company; one sheet mill unit consisting of 
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1—Against the sky-line, the high structure involved in skull-cracker operation stands out in bold relief. Note the magnet and 
ball suspended. 2—It would be difficult to secure a better picture of this modern pumping station. All pumps are motor 
driven, and the general arrangement ts ideal for easy inspection and careful maintenance. 3—Shows a typical blast-furnace 
top in detail. 4—Main entrance to the by-product coke plant, showing the new general office building. 5—Shows a street in 
the recently developed real estate sub-division, Comfortable houses with little of the aspect usually associated with steel 


works’ dwellings. 
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eight hot mills and one jobbing mill, also three stands 
of cold rolls. This line of sheet mills was driven 
through reduction gears by a 30x60-in. twin simple 
non-condensing engine built by Filer & Stowell Com- 
pany. The 24-in. bar mill was built by Garrett- 
Cromwell Company and consisted of pinions, a uni- 
versal roughing stand and three stands of finishing 
rolls. About two years after the mill was started, this 
universal stand was replaced by a similar universal 
mill built by the Garrison Foundry Company. The 
mill rolls I-beams from 3 in. to 12 in., channels from 3 
in. to 13 in., angles from 3x2 in. to 6x6 in., rounds from 
Zin. to 4% in., and flats from 3x4 in. to 22x44 in. The 
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20x12x18 duplex steam pumps getting their water 
from a small stream which emptied into Lake Michi- 
gan on the present site of the Indiana Harbor ship 
canal. 

In 1905 four more 464-hp. Stirling boilers with 
Jones stokers were added and the two Van Dyke boil- 
ers discarded. This allowed the steam pressure to 
be raised to 150 Ibs. gauge. 

During the next five-year period from 1906 to 1910 
the plant expanded very rapidly, the equipment added 
being the first 400-ton blast furnace located at Plant 2, 
together with the ore docks and two ore bridges, eight 
464-hp. Stirling blast furnace gas fired: boilers, four 


The main open-hearth mill in operation, showing ladles located in position for tapping. 


mill is arranged so that flats can be rolled on the uni- 
versal mill, while roll changes are being made on the 
finishing stands. 


When the mill started the steam boiler equipment 
consisted of eight 464-hp. Stirling boilers fired with 
Jones underfeed stokers and two 250-hp. Van Dyke 
boilers hand fired. As the Van Dyke boilers were only 
constructed for 100 lbs. steam pressure, that was the 
pressure carried on all the boilers. 

All mill auxiliaries such as tables, shears, etc., 
were driven by small steam engines. 


The electric power for lights and cranes was fur- 
nished by two 125-kw. and one 75-kw., 250-volt, d.c. 
generators driven by high speed Ideal engines. 


The general service water was furnished by two 


» Google 


vertical steam driven blowing engines and a d.c. 
power station containing three 550-kw., 250-volt, d.c. 
engine-driven generators. This power station was 
connected to Plant 1 by underground cables, allow:ng 
the removal of the small generating units at Plant 1; 
the 32-in. blooming mill was replaced by a 36-in. re- 
versing blooming mill built by the United Engineer- 
ing & Foundry Company. The old engine was re- 
placed by a 50x66-in. twin simple reversing engine 
built by the Mesta Machine Company. The engine 
was connected to the mill without gear reduction; at 
the same time the above changes were made on the 
blooming mill a 24-in. three stand three high mill was 
installed in line with the blooming mill to roll blooms 
from the blooming mill into sheet bar, slabs and bil- 
lets without reheating. This mill was built by the 
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United Engineering & Foundry Company and was 
driven by a 38-in. and 72x60-in. tandem compound 
engine built by the Mesta Machine Company. A 
continuous merchant mill was added consisting of 
six stands of 14-in. roughing rolls, two stands of 14-in. 
intermediate rolls and four stands of 1l-in. and two 
stands of 8-in. rolls in the finishing train. This mill 
was built by the Morgan Construction Company and 
is driven by a 32-in. and 56x60-in. tandem compound 
engine exhausting into a barometric condenser. The 
mill is served by two 12 ft. by 36 ft. 8 in. Morgan con- 
tinuous heating furnaces fired with producer gas fur- 
nished by four 8-ft. Morgan stationary producers. 


No. 2 sheet mill unit was added in line with No. 1 
unit. The new unit consisted of eight hot mills and 
one jobbing mill and is driven through reduction 
gears by a 34 in. and 60x60-in. cross compound engine 
built by the Mesta Machine Company. The mills 
were built by the United Engineering & Foundry 
Company. 

A galvanizing and roofing department was _ in- 
stalled equipped with eight galvanizing pots. 

Four additional 50-ton open hearth furnaces were 
installed. 


To furnish the general service water for the above 
mills a 6,000,000-gallon Heisler cross compound 
pumping engine was installed at the boiler house 
pumping station, getting its water from a well fed by 
a 30-in. gravity line from the Indiana ship canal. 

Also a new pumping station was built at the north- 
west end of the Plant 1 yard, which borders on the 
Indiana Harbor ship canal. In this station were in- 
stalled two 8,000,000-gallon Nordberg cross com- 
pound pumping engines. To furnish steam for the 
added engines and pumps, 12 464-hp. Stirling boilers 
equipped with Green chain grates were installed in 
Plant 1 boiler house, making 22 boilers in all. 

In 1911 the second blast furnace was _ installed. 
Three additional blowing engines were added and two 
550-kw., 250-volt, d.c. engine-driven generators, dupli- 
cates of the first three. Eight additional 464-hp. Stir- 
ling gas-fired boilers were added in the boiler house. 

In 1911 the bolt and rivet department was installed 
with four nut machines, six rivet machines and three 
spike machines. These machines were first equipped 
with oil fired furnaces, but since 1914 have used coke 
oven gas. 

In 1912 and 1913 four 50-ton open hearth furnaces 
were added to Plant 1, making 12 furnaces in the bat- 
tery; the first battery of Koppers by-product coke 
ovens were installed and the 24-in. bar mill furnaces, 
the sheet mill annealing pits and jobbing mill fur- 
naces, and the bolt and rivet furnaces were switched 
over from oil firing to coke oven gas; a new double 
track tunnel was constructed under the New York 
Central, Baltimore & Ohio and E., J. & E. rights of 
way, connecting Plants 1 and 2. A 90-in. three high 
sheared plate mill built by the United Engineering & 
Foundry Company was installed at Plant 1. The mill 
was served by three 9x35-ft. Laughlin continuous re- 
heating furnaces fired with producer gas furnished by 
Morgan stationary producers. It was decided to use 
an electric drive on this mill and to replace the old 
Filer & Stowell engine on No. 1 sheet mill unit with 
a motor. A 2,000-hp. Westinghouse 2,200-volt, 3- 
phase, 25-cycle motor was installed to drive the plate 
mill, while a 1,600-hp. Westinghouse 2,200-volt, 3- 
phase, 25-cycle motor was installed to drive the sheet 
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mill. To furnish a.c. power for these two mill motors, 
Plant 1 a.c. station was installed consisting of two 
2,500-kva., 2,200-volt, 3-phase, 25-cycle generators 
driven by Westinghouse low pressure turbines operat- 
ing on the exhaust steam from the 24-in. bar mill and 
36-in. blooming mill engines through two Rateau re- 
generators. The turbines exhaust into surface con- 
densers, which get their cooling water from two 
10,000 G. P. M. motor driven centrifugal pumps lo- 
cated in the canal pumping station. 


In 1914 Nos. 1 and 2 open hearth furnaces were 
equipped with waste heat boilers. A 400-hp. Garbe 
boiler was put on No. 1 furnace and a 402-hp. Heine 
boiler put on No. 2 furnace. During 1915 and 1916 the 
remaining 10 furnace were equipped with 422-hp. Bab- 
cock & Wilcox cross drum waste heat boilers. Each 


~~ 


A glimpse through one of the boiler houses. 


boiler is equipped with a Foster superheater located 
in the waste gas flue in front of the boiler, and a 
Green radial flow induced draft fan driven by a Terry 
steam turbine through a Westinghouse reduction 
gear. 

From 1915 to 1917 extensive additions were made 
to the works at Plant 2. The third blast furnace was 
installed of 550 tons capacity. The ore dock and ore 
field was extended and three 6-ton Hoover & Mason 
ore bridges were added to the unloading equipment, 
making a total of five 6-ton ore bridges and two Rob- 
bins coal unloaders on the dock. The five bridges can 
move 1,000 tons of ore per hour from the ore boats to 
the stock pile, while the two Robbins coal unloaders 
can handle 600 tons of coal per hour from the coal 
belts to the belt conveyor which transports the coal 
to the coal field. Three additional blowing engines 
were installed, making a total of 10. Five of these are 
high pressure engines 44 in. and 84x60 in., and five low 
pressure engines 84 in. and 84x60 in. They are piped 
up so that they can be operated in pair as cross com- 
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pound engines. All these engines exhaust into one 
barometric condenser. The blowing engines were 
built by the Allis Chalmers Company. Two engine- 
driven d.c. generators were installed in the d.c. sta- 
tion, making a total of seven 550-kw., 250-volt, dic. 
generators driven by 20-in. and 42x42-in. Allis Chal- 
mers cross compound Corliss engines. All engines 
exhaust into one common barometric condenser. No 
additional boilers were installed in the blast furnace 
boiler house at the time No. 3 furnace was installed, 
but due to the heavy load on these boilers four addi- 
tional boilers were added in 1920, making a total of 
20 464-hp. Stirling boilers in this house. The boilers 
are equipped with Foster superheaters located back 
of the last pass, and steam is delivered at 150 Ibs. pres- 
sure and 125 deg. superheat. 


In 1919 No. 1 blast furnace was reconstructed, 
making it a 500-ton furnace. 


In 1922 No. 2 blast furnace was relined after hav- 
ing made a world’s record for blast furnaces on a 
single lining. This furnace was in operation from 
September 24, 1913, to March 2, 1922, and produced 
1,537,934 gross tons of iron. 


In 1915 construction was started on Plant 2 steel 
mills. Ten 100-ton open hearth furnaces were in- 
stalled, each equipped with a 488-hp. Babcock & Wil- 
cox cross drum waste heat boiler. Each boiler has a 
Foster superheater and the boilers and superheaters 
are designed to deliver steam at 225 Ibs. pressure and 
200 deg. superheat. The induced draft fans are Green 
radial flow, driven by Terry steam turbines through 
Westinghouse reduction gears. In 1919 a 600-ton 
mixer was added to this shop. The mills consisted of 
a 40-in. reversing blooming mill and a 32-in. revers- 
ing break down mill and a 28-in. three stand three 
high structural mill. 


The 40-in. blooming mill was built by McIntosh- 
Hemphill Company and is equipped with electric 
screw down and electric manipulators. The mill is 
served by five batteries of soaking pits, each battery 
with four 7 ft. 6 in. by 13 ft. pits. The pits are 
equipped with electric driven valve reversing and door 
pulling mechanisms and are fired by producer gas fur- 
nished by eight 10-ft. Hughes mechanical poked gas 
producers. 


The 32-in. reversing break down mill was built by 
the Mesta Machine Company. It has electrically 
operated screw down and manipulators. The mill is 
served by four 19x50-ft. Laughlin continuous reheat- 
ing furnaces equipped with cast iron recuperators. 
The furnaces are fired with coke oven gas. The fur- 
naces and mills are so arranged that steel coming 
from the 40-in. mill can be passed through the furnaces 
or it can be transferred by the furnaces for direct roll- 
ing without reheating. | 


The 28-in. finishing mill was built by the Morgan 
Engineering Company. It is equipped with traveling 
tilting tables. 


All three mills are electrically driven. The mills | 


are so arranged that the three main drive motors are 
in one common motor room. The 40-in. blooming 
mill is driven by a 15,000-hp. reversing d.c. motor tak- 
ing its power from a flywheel motor generator set, 
which is driven by a 3,000-hp., 2,200-volt, 25-cycle, 3- 
phase motor. The 32-in. mill and the 28-mill are each 
driven by a 7,500-hp., d.c. motor, taking their power 
from a common flywheel motor generator set which 
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Inland Blast Furnace No. 2 


World's Record 
Production On Lining 


Blown in September 24, 1913 
Blown Out March 2, 1922 
Total Days Operated 2,925 
Total Iron Produced 1,537,934 Tons 
Average Daily Production 528.8 Tons 
Coke Consumed per Ton Pig 1918 Lbs. 


Grades of Iron Produced 


Basi€ cenesetcaucesk Sve 1,345,154 Tons 
Foundry + <c4:6.44004%< 159,965 Tons 
Malleable ............. 32,815 Tons 

TO6talosace cca0 Rees 1,537,934 Tons 


Total Ore, Cinder and Scale Smelted 
3,037,917 Tons 


is driven by a 5,000-hp., 2,200-volt, 25-cycle, 3-phase, 
a.c. motor. 

To drive the mill motors and auxiliaries two 5,000- 
kva. turbo-generators were installed equipped with 
surface condensers. To furnish d.c. power for lights 
and auxiliary motors, two 1,000-kw. motor generator 
sets were putin. All this power equipment was built 
by the Westinghouse Electric Company and it all was 
installed in the one motor room. 


The steam for this power station was furnished 
by the open hearth waste heat boilers and a coal fired 
boiler plant located in line with the motor room. In 
the coal fired boiler house were installed three 1,0/76- 
hp. Springfield boilers, each equipped with 12-retort 
Taylor underfeed stokers and Foster superheaters. 
Like the waste heat boilers, these boilers deliver 
steam at 225 lbs. and 200 deg. superheat. The boilers 
receive 75 per cent condensate return, leaving 25 per 
cent raw water make up. This power station was con- 
nected up electrically on the a.c. system with Plant 1 
a.c. station and on the d.c. system with the d.c. station 
at the blast furnaces. 
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In 1921 a rail finishing mill was installed in con- 
nection with the 28-in. structural mill, also a splice 
bar and hot tie plate department. At Plant 1 the 90- 
in. sheared plate mill was changed to a 100-in. sheared 
plate mill and an additional stand of rolls with tilting 
tables was added, making it a tandem mill. The added 
stand, which handles the finishing passes, is driven 
through a rope drive by a 3,000-hp., 2,200-volt motor. 
To reheat the slabs for the tandem mill two Laughlin 
continuous reheating furnaces were added, making a 
total of five furnaces for the tandem mill. These fur- 
naces are fired with pulverized coal. 


To furnish the additional a.c. power needed, a 
12,500-kva. Westinghouse turbo-generator was added 
to Plant 2 power station. For additional a.c. power, 
one 1,000-kw. mg. set was installed at Plant 2 motor 
room and two 1,000-kw. mg. sets at Plant 1 duc. 
substation. 


At the Plant 2 steel mill boiler house, three 1,076- 
hp. Springfield boilers were added, making six 1,076- 
hp. boilers in this house. One of the new boilers was 
equipped with a 12-retort Taylor stoker the same as 
the original three, while the other two boilers were 
equipped with Coxe forced blast chain grates for burn- 
ing braize. 


The pulverized coal preparation plant for the tan- 
dem plate mill furnaces is located in an extension to 
the Plant 1 boiler house building. The raw coal is 
dumped from the cars into a 500-ton storage bin under 
an extension to the boiler house high line. From the 
raw coal storage bin the coal is drawn into a 30-in., 
belt conveyor, located in a tunnel under the prepara- 
tion plant floor, which delivers the raw coal to a 50- 
ton bucket elevator which elevates the coal to the 
overhead crusher room. From the discharge of the 
elevator the coal passes through a 30-in. Jeffrey single 
roll crusher which crushes it to 34-in. size. From the 
crusher the coal is carried by a short belt conveyor 
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over a magnetic pulley for removing tramp iron and 
falls into two 65-ton crushed coal storage bins located 
over the inlet ends of two 15-ton Ruggles Coles hand 
fired rotary dryers. The coal is fed from the storage 
bins into the dryers by adjustable speed screw feed- 
ers. From the dryers the coal is dropped into a bucket 
elevator which delivers it to an overhead screw con- 
veyor which in turn delivers it to four 3-ton dried 
coal feeder bins, located over four 5-roller Raymond 
pulverizers. From the pulverizers the coal is de- 
livered by the air separators to two 5-ton pulverized 


coal storage bins located above the two 5-ton blow 


tanks which rest on platform scales, enabling the | 
operators to weigh all coal pulverized and delivered 
to the furnaces. The Quigley transport system is 
used by which the pulverized coal is delivered with 
compressed air from the blow tanks to five 25-ton 
storage tanks located in front of the five continuous 
reheating furnaces at the plate mill. The coal is 
transported for a distance of approximately 600 ft. 
through a 4-in. pipe. 


When the Plant 2 steel mills were installed, a new 
central pumping station was erected at the southeast 
corner of Plant 2. This station takes its water direct 
from Lake Michigan through an open sheeted flume 
15 ft. wide. The water flows into this flume from the 
lake through 191 ft. 8 in. of loose stone filled pier 
with removable screens on the flume side of the pier. 
This method of construction was used to eliminate 
trouble from fish and needle ice, and so far it has 
been entirely successful. The flume leads from the 
intake into the pumping station and through the cen- 
ter of the building. The pumps are all motor driven 
centrifugal and are set in a line on both sides of the 
building, taking their suction direct from the flume. 
In this station are general service pumps having a 
total pumping capacity of 92,600,000 gallons of water. 


(To be continued) 
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A view of one of the eight H. K. Porter industrial locomotives in service at Indiana Harbor. This is a four-wheel connected 
saddle tank machine, weighing 98,000 lbs, cylinders 16 in. x 24 in., built 56% in. gauge on 46 in. drivers; operating boiler pres- 
sure 175 lbs., 19,900 lbs. tractive force; designed for special low head room 11 ft. 0 in. Transportation assumes railroad 


operating properties in a steel plant moving a million tons of coke and coal, over a half million tons of iron and over a mil- 
lion tons of ingots and finished steel per year. Twenty-eight locomotives are constantly employed, and are maintained in 
good condition at the adequate shop repair and machine shops of the plant. 
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Developments in the Electrical Industry 
During 1923 


A Digest of General Electric Company Accomplishments 
Important to the Steel Industry 


By JOHN LISTON* 


HROUGHOUT the electrical industry the year 

1923 was characterized by a record volume of 

production in practically all classes of apparatus, 
exceeding in many cases the maxima of war time 
output. The demand for electrical apparatus showed 
seasonal irregularities, but manufacture proceeded 
almost uniformly at a high rate. 


High pressure production is not unusually con- 
ducive to radical changes in design and a consider- 
able proportion of the improvements made were along 
conventional lines. There were, however, a number 
of distinctly new developments which represented ad- 
vances in the art, some of which were fully commer- 
cialized, while others were still being subjected to ex- 
perimental test at the close of the year. 


The recent tendency toward increased unit capa- 
city continued in evidence. The 62,500-kva. turbine- 
generator, the first of the two 65,000-kva. waterwheel 
generators, and a synchronous converter of record 
size were completed, while various types of trans- 
formers exceeded the record unit ratings of previous 
years. 


In transportation, electric propulsion was for the 
first time applied to large cargo craft for canal serv- 
ice and improvements were made in auxiliary ship 
equipment. The more important railway develop- 
ments occurred in foreign countries as in the pre- 
ceding year, and the high voltage d.c. system was util- 
ized to a large extent for main line steam railway 
electrification. In street railway service there was a 
further adoption of the economical light weight 
double truck car. 


The use of automatic stations was extended to new 
industrial fields and initial foreign installations were 
made. Few radical changes occurred in either the 
design or construction of the equipments, but the 
number installed and their unit capacity were greatly 
increased. 


Higher efficiencies were achieved in the design of 
several types of industrial motors as compared with 
previous practice and corresponding advances were 
made in the control apparatus to be used with them. 
The vast number of motor applications in modern in- 
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dustrial plants renders every detail improvement se- 
cured in the operation of individual motors of great 
potential economic value when considered in the 
aggregate. 

As in previous reviews, the electrical apparatus 
referred to are products of the General Electric Com- 
pany, but reference to their development serves as in- 
dication of the tendencies in design and construction 
as well as the general trend of progress in the electri- 
cal manufacturing industry as a whole. 


Turbines. 


Developments during the year on large turbines 
consisted of refinement in mechanical details without 
radical changes in construction. The outstanding 
features were the production of turbines for high 
steam conditions and the production of turbines in 
unprecedented volume. 


Shipments for 1923, exclusive of turbines for me- 
chanical drive and ship propulsion, had a total capa- 
city of approximately 1,660,000 kw. This was an in- 
crease of 85 per cent over the average for the preced- 
ing five years and an increase of 32 per cent over the 
maximum war time production in 1917. 


The first of the 35,000-kw. turbines designed for 
550-lb. pressure and 750 deg. F. total steam tempera- 
ture was completed and shipped, while four of the 
same capacity and one 60,000-kw. compound unit to 
operate under similar steam conditions were under 
construction. It is confidently expected that the in- 
stallation of these units will result in a substantial re- 
duction 1n operating costs as compared with previous 
practice. 


The solution of the problem of lower operating 
costs is being approached in two other ways. The 
first commercial equipment, which includes a mercury 
boiler and turbine exhausting into a condenser boiler 
which in turn generates steam for an existing steam 
turbine station, was put in service in the fall of 1923. 
The results which have been obtained confirm ex- 
perimental tests and there is every reason to believe 
that this development will be of great value in recon- 
structing many existing stations. 


In addition to this there were under construction 
one 2,600-kw. and one 4,000-kw. turbine designed fora 
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steam pressure of 1,000 to 1,200 pounds and to exhaust 
into headers supplying other turbines at from 250 to 
350 pounds. These machines are an entirely new de- 
parture and involve special boiler equipment. The tur- 
bines, however, are simple in design and present no 
obstacles to the ultimate success of the system 
adopted. 


Electric Propulsion. 


Diesel-electric propelling equipments were adopted 
for two ships of a new type, built for refrigerating 
cargo service on the Great Lakes and New York State 
canal system and for coastwise trade to the West 
Indies during the winter. The first of these ships, the 
“Twin Ports,” 258 ft. overall and 42 ft. beam with a 
full load draft of 13 ft. and a cargo capacity of 2,600 
tons, started commercial operation in September. 


The electrical equipment comprises two 250-kw., 
230-volt, 260-rpm. d.c. generators direct driven by two 
Diesel engines and two 250-hp. motors direct con- 
nected to twin propeller shafts which give a speed of 
13 miles per hour at full motor load. 


Electric Railways. 


As in the preceding year the more important addi- 
tions to main line electrification occurred in foreign 
countries and it is noteworthy that in a majority of 
cases the 3,000-volt d.c. system was adopted. 


Progress included the initial operation of 3,000- 
volt equipment on the Spanish Northern Railway in 
Spain, six locomotives having been made ready for 
service during the latter part of the year. Two sub- 
stations were also completed for supplying 3,000 volts 
direct current for operation of this line. 


Ten 150-ton, 3,000-volt locomotives for the Mexi- 
can Railway Company, Ltd., were completed and 
tested together with substation equipment which will 
be ready for operation by the time the first locomo- 
tives are placed in service. 

In connection with the extensive electrification 
program being put through by the Japanese Imperial 
Government Railways, two locomotives weighing 66 
tons each were placed in service. 


Rapid progress was made on the manufacture of 
equipment for the Paris-Orleans Railways in France. 
The 120-ton, 1,500-volt high speed passenger locomo- 
tive was completed and tested and gave every indica- 
tion of exceeding without difficulty all of the require- 
ments for which it was designed. Speeds of more 
than 81 miles an hour, for which this locomotive was 
guaranteed, were made, and its riding qualities at 
high speeds surpass those of any electric locomotive 
ever built. 


Automatic Railway Substations. 


The automatic railway substation continued to be 
popular with electric railways both in this country and 
abroad, as was evidenced by a growing tendency to 
make electric railway systems completely automatic 
by installing automatic control for all substation units. 

At the close of the year there were 70 railroad com- 
panies using G-E automatic, substations with 225 
equipments aggregating more than 170,000 kw. in 
capacity either in service or under construction. There 
were 13 stations of 4,000-kw. capacity and above. 

The development of water power sources received 
more attention than ever before because of the high 
cost of fuel and labor and the need of additional 
sources of power to meet the needs of electrical ex- 
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pansion. Before the advent of the automatic station 
it was usually uneconomical to develop the water 
power sites of small capacity because of operating 
costs, but these small sites are coming rapidly into 
prominence, and automatic hydro-electric stations 
are now operating or being installed in nearly every 
state in the Union. 


The largest single unit automatic hydro-electric 
station in the world is being installed by the Adiron- 
dack Power & Light Corporation for their Sprite 
Creek development near Little Falls, N. Y. It is rated 
7,900 kva., 6,000 volt, 3 phase, 60 cycle, the largest 
previous equipment of this kind being of 5,000 kva. 
capacity. 

The use of automatic substations in mining service 
was very decidedly increased and has fulfilled a real 
need in this particular field, where trained operators 
are scarce and many comparatively small installations 
are required to meet operating conditions, and where 
the power output must be reliable. 


Waterwheel Generators. 


The first of the two 65,000-kva., 12,000-volt, 25- 
cycle, 107-rpm. whaterwheel generators for the ‘Nia- 
gara Falls Power Company was completed and ship- © 
ped in sections to the power site for assembly. It is 
the largest machine of its type, both in capacity and 
physical dimensions, so far constructed. 


Frequency Converters. 


A frequency converter of exceptional capacity and 
unusual characteristics was constructed for tying to- 
gether the 25 and 60-cycle systems of the United Elec- 
tric Light & Power and the New York Edison Com- 
panies. 


The induction type unit will supply 150,000 kva. 
to the 60-cycle system with a short circuit on the 60- 
cycle bus and with 25-cycle bus voltage maintained. 
In the reverse direction, it will supply 191,000 kva. to 
the 25-cycle system with 60-cycle bus voltage main- 
tained. The induction unit will be excited from the 
25-cycle synchronous generator and the set is de- 
signed for unity power factor, input and output in 
either direction at full load. 


The kw. capacity of the set is nearly three times 
that of the largest frequency converter previously 
built, and marks a new epoch in the construction of 
horizontal shaft a.c. machines. 


Industrial Motors. 


The single-phase motor is an important factor in 
many industrial applications, but early designs had 
certain electrical and mechanical characteristics which 
tended to limit the field of its practical utility. A new 
type single phase motor which operates on the squir- 
rel cage induction principle was developed which elimi- 
nates entirely the short circuiting switches heretofore 
considered essential and permits the simplest possible 
construction. 

A complete new line of 40-deg. éontinugus duty 
riveted frame polyphase motors, in sizes up to 15 hp., 
was designed with numerous improved electrical and 
mechanical characteristics as compared with previous 
construction for this class of motor. 

During the year considerable work was done 
towards standardizing the bores of small high speed 
motors used generally by the wood working trade. 
Through the efforts of several of the electrical com- 
panies, most of the tool manufacturers are now using 
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a definite bore for these shaftless motors. Before this 
standardization, there were a great many different 
bore dimensions for the same frame, which was de- 
cidedly objectionable from a manufacturing stand- 
point. 

Industrial Motor Control. 


A number of improvements were made in the ap- 
paratus designed for the control of industrial motors 
which, despite the relatively small size of the indi- 
vidual controller, are of great economic value due 
to the vast extent of the field of present day industrial 
motor application. 


Among the more important of the new designs is 
a starting switch for 3-phase motors, size up to 7% 
hp., 440 and 550 volts, which is of the positive quick- 
make and quick-break tumbler type, totally enclosed 
with the operating handle on the front and a locking 
plate on the side so that it may be locked to prevent 
either the opening of the box, the enclosing of the 
switch, or both. 


An ingenious design of a magnetic switch provided 
with a thermal overload relay, was developed to meet 
the demand for starters of compact construction and 
for mounting in the frames of machines. It is suit- 
able for motors up to 10 hp., 550 volts, 25 to 120 cycles, 
and the units can easily be arranged on panels so as to 
insure complete control at any point desired of ma- 
chines driven by two or more motors of either the 
same or different ratings. 


Motor Applications. 


To meet the requirements of the Russian govern- 
ment in regard to electrical equipment for oil well 
drilling, two totally enclosed induction motors were 
developed, rated 75 hp. and 50 hp., 750 rpm., with a 
temperature rise of 45 deg. C. These motors are 
unique in that they are the largest totally enclosed, 
self ventilated motors yet manufactured, previous de- 
signs in these sizes having employed water as a cool- 
ing agent. 

The H. C. Frick Coke Company is installing a belt 
conveyor approximately five miles long for transport- 
ing coal from the mine workings to the shipping sta- 
tion. It consists of 20 sections, each driven by an 
induction motor. The motors vary in size from 50 to 
175 hp. and are all of the wound rotor type. Solenoid 
brakes are provided for stopping and holding the con- 
veyor belts when power is cut off from the motors 
and the control is so arranged that the motors start 
in sequence beginning at the delivery end. As each 
motor reaches full speed, it energizes the starting cir- 
cuit of the next succeeding motor. If any motor st ps, 
it automatically stops all the motors preceding it in 
the conveyor system, but allows those following it to 
run and clear the belts of coal. 


Electrical equipment was provided in 1923 for two 
d.c. coal tower hoists for the new Hudson Avenue Sta- 
tion of the Brooklyn Edison Company to give a hoist- 
ing rope speed of 1,460 ft. per minute, and a lowering 
rope speed of 1,680 ft. per minute, on the 200-ft. lift 
and to give a guaranteed delivery of 250 tons per hour, 
using a 2.5-ton grab. The hoist motor is rated 625 
hp., 1s direct connected to the hoisting drums, and 
takes its power from a 5/5-kw. motor generator set 
mounted on the tower and driven by a 700-hp., 2,300- 
volt, 3-phase, 60-cycle induction motor. 


Steel Mills. 


There was added to the existing main roll drives, 
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300 hp. and over, 44,100 hp. (normal continuous rat- 
ing), bringing the total to 612,110 hp. The tendency 
towards the use of high speed motors with reduction 


_ gears, which has been quite marked for the last few 


years, continued to gain headway, and over 90 per 
cent of the new motors were for geared drive. 


One of the most important developments of the 
year was the building of a.c. brush-shifting motors 
with shunt characteristics. Two machines of this 
type, which gives adjustable-speed without auxiliary 
apparatus, were under construction for the Halcomb 
Steel Company, Syracuse, N. Y., for driving merchant 
mills, and are rated 600-400-200 hp., 321-214-107 rpm., 
440-volt, 25-cycle and 500-385-250 hp., 130-100-65 
rpm., for the same power supply. There has long ex- 
isted a need for an adjustable speed a.c. motor that 
was simple and did not require a large amount of aux- 
iliary equipment, and whose speed would be practi- 
cally independent of its load. This machine is the first 
practical piece of apparatus to meet these require- 
ments. 


Induction Furnaces. 


The new type of induction furnace, which utilizes 
the force of electro-magnetic repulsion existing be- 
tween transformer primary and secondary windings, 
to cause a circulation of molten metal between the 
heating circuit and the melting pot, was operated only 
experimentally during 1922. 


Fifteen 75-kw., 1,200-lb. induction furnaces were 
placed in commercial operation for melting non-fer- 
rous metals in 1923, and a number of additional units 
were under construction. 


A notable accomplishment of the repulsion-induc- 
tion furnace was the successful melting of pure copper 
on a commercial basis. 


Industrial Heating. 


The electric furnace was for the first time success- 
fully used for the bright annealing of copper wire. 


Another special furnace was developed for anneal- 
ing steel punchings used for field and armature lam- 
inations. It is built 6 ft. above the floor on a struc- 
tural steel support and the laminations are placed on 
a car which is rolled under the furnace and raised into 
the heating chamber on a hydraulic platform. Around 
the edge of the car is a sand seal which makes the fur- 
nace air tight when the car is in place. 


Transformers. 


The recent tendency to concentrate the transforma- 
tion of electrical energy in units of increasing capacity 
was evidenced by the construction of a large number 
of transformers of record size. A notable event of the 
year was the placing in service of the 220,000-volt 
units at Power House No. 8 of the Southern Cali- 
fornia Edison Company's system, from which approxt- 
mately 20,000 kw. was initially transmitted to Eagle 
Rock substation near Los Angeles. 


There were under construction two self-cooled, 
three-phase, 60-cycle units which will transform 
15,000 kva. as auto-transformers from 72,000 volt Y 
to 132,000 volt Y with solidly grounded neutral. Both 
of these windings will have taps. They will also 
transform 15,000 kva. from either of the high voltage 
windings to 12,470 volts and simultaneous operation 
on all three windings is possible. These transform- 
ers are larger in physical dimensions and in kva. rat- 
ing than any selt-cooled transformers heretofore built, 
the largest previous rating being 12,000 kva. 
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Seven 60-cycle, 10,417-kva., single-phase, self- 
cooled auto-transformers of unusual construction were 
built for the Brooklyn Edison Company. They step 
up the generator voltage from 13,800 volts to 27,600 
volts and have a normal rating of 10,417 kva., but 
since they are auto-transformers of a 1 to 2 ratio, each 
will transform a total of 20,834 kva., so that the total 
output of a bank of three units will be 62,502 kva. This 
is probably the largest amount of energy transformed 
by a single bank of self-cooled transformers. 


The maximum capacity for single-phase, water- 
cooled transformers was increased by the construc- 
tion of 10 units, rated 22,000 kva., 39,500-68,500-2,300 
volts, 25 cycles for the Niagara Falls Power Company. 


A three-phase air blast transformer exceeding all 
previous units in both capacity and physical dimen- 
sions was built for the New York Edison Company. 
It is rated at 17,100 kva., 11,800-2,950 volts, 25 cycles. 


There was further demonstration of the value of 
concentric circular windings for extra high-voltage 
transformation. The marked advantages of this type 
over the oil interleaved (sandwich) type had been 
brought out in studies of impressed high-voltage 
transients on commercial transformers, this work 
being carried on in the high-voltage laboratory. The 
unique equipment of this laboratory has placed high- 
voltage transformer design on a scientific basis here- 
tofore unattainable and has made possible the abso- 
lute checking of calculated phenomena. The same 
studies also advanced the use of the “built in” pro- 
tective devices. 


An unusual arrangement of instrument transform- 
ers was provided for metering energy on the high 
potential side of substations on the Paris-Orleans 
Railway. Four 60,000-volt transformers each have 
three current and two potential transformers, while 
two 90,000-volt units have three each of current and 
potential transformers mounted in a single tank with 
three high-voltage leads. 


The 90,000-volt arrangement is unique in that the 
three current transformers are located inside the 
porcelain bushings, whose headers also serve as oil 
conservators. 


The average unit size of self-cooled transformers 
continued to increase, but due to specific conditions 
the average for all tvpes was somewhat reduced as 
compared with 1922. Table A shows the average rat- 
ing for the past five years: 


TABLE A 
AVERAGE UNIT SIZE OF POWER TRANSFORMERS 
IN KVA. 
Year Self-Cooled Water Cooled All Types 
VOLS eaaieG adn 2 1175 4325 2150 
OO ire bc htncn.ce Bato 1325 3175 2175 
LON 64 wages 1575 4150 2750 
LOZ hepicto dreds ee 1700 6000 3750 
NOZS cnviveadn aout 2350 5125 3220 


At the close of the year there had been completed 
or were under construction a total of more than 180 
units of 10,000 kva. or above. 


Induction Voltage Regulators. 

A new design single-phase induction voltage regu- 
lator was developed, which embodies a number of 1m- 
provements as compared with previous types. In addi- 
tion to improving the voltage regulation by a more 
rapid correction of voltage changes, it utilizes a tank 
which is highly resistant to rupture as a result of ex- 
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plosions, and a rigid internal mechanical structure to 
minimize noise during operation. An improved 
method of bracing the coils prevents insulation 
troubles due to line short circuits. 


Lightning Generator. 

The lightning generator installed in the High Volt- 
age Laboratory of the Pittsfield Works will produce 
voltages of approximately 2,000,000 above ground. 
This is perhaps higher than lightning voltages that 
are usually produced on transmission lines. These 
voltages are of a known wave shape and duration. 
The wave front is under control and may be made 
so steep that the voltage starting at line voltage may 
be made to increase at the rate of 50 million million 
volts per second. The rate that energy is dissipated in 
the arc is generally of the order of millions of horse- 
power. The duration of such discharges is conven- 
lently measured in micro-seconds (millionths of 
seconds). 


Conductor Cable. 

As the result of exhaustive research work, the 
manufacture of 66,000-volt single conductor cable was 
for the first time placed on a commercial basis. 


The cable produced was for the Cleveland Electric 
Illuminating Company and can transmit upwards of 
33,000 kw. at 66,000 volts. It is slightly over three 
inches in diameter and requires 125,000 volts to 
puncture. 

The previous maximum potential for conductor 
cable in the United States was 44,000 volts; cable of 
this rating being utilized for the underground circuits 
of the New York Edison Company. 


High Voltage D.C. Current Cable Testing Sets. 


The purpose of d.c. testing sets is to permit power 
companies to make satisfactory periodic test of under- 
ground cables, to determine the condition of insula- 
tion between conductor and ground and to locate cable 
faults and measurements of insulation § resistance. 
Three types of equipment were developed and stand- 
ardized for this service. 


For station use, to be considered as a stationary 
outfit, a four Kenotron 200,000-volt set was designed, 
each Kenotron being capable of rectifying 250 am- 
peres d.c. 

For cable testing this set is used in the following 
manner: During one-half cycle the current flows 
through two Kenotrons in series and charges one con- 
ductor, during the other one-half cycle current flows 
through the other two Kenotrons and charges the 
other conductor with the reversed polarity, so that the 
voltage between the conductors will be twice the 
crest value of the transformer voltage. The voltage 
across the two Kenotrons in series on the reverse wave 
will be the transformer voltage plus the voltage from 
the conductor to ground, which will be a maximum of 
200,000 volts. 


The d.c. voltage is measured by special meters 
which measure the crest value of the voltage wave 
obtained from the voltmeter coil. Two meters are 
used, each meter reading the voltage from conductor 
to ground and the voltage between conductors is the 
sum of the two readings of the voltmeters. The cur- 
rent supplied to the cable 1s measured by two amme- 
ters connected between the ground and the trans- 
former winding. In series with each meter is a tungar 
rectifier which divides the current so that one-half 
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Engineering Achievements 


Westinghouse Developments of Interest to the Steel Industry 
During the Year 1923 


By H. W. COPE* 


HERE have been presented to the world in the 

past year, by the Engineering Statf of the West- 

inghouse Electric & Manufacturing Company, de- 
velopments and achievements in the electrical art, 
which not only compare favorably with those of for- 
mer years, but are of a character that will wield a last- 
ing influence on the world’s progress. 


The need for better transportation facilities 
throughout the world, and especially in the United 
States, has been provided for in part by development 
and construction work which has been in pregress 
throughout the year, the completion of one important 
foreign steam railroad electrification, and extensive 
additions to electrifications in the United States. 


The year 1923 has witnessed the beginning of the 
engineering and construction on one of the world’s 
most gigantic steam railroad electrifications, namely, 
that of the Virginian Railway, from Mullens, W. Va., 
to Roanoke, Virginia. 

Each year witnesses the extension of the useful 
field of electricity, not only to new kinds of work 
which it can better perform, but to its more general 
use in proven fields. The growing demand for electri- 
cal equipment for transportation, industry, agriculture 
and the home necessarily increases the requirements 
in the field of generation, transmission and distribution 
to meet the increasing power demands. 


The construction of new generating stations em- 
ploying units of tremendous capacity and the exten- 
sion of other stations to provide greater output have 
taken place during the year. The consolidation of 
systems, forming great networks, insuring even 
greater reliability in energy supply by interchange of 
power has continued. 

The marvelous broadening of the useful field of 
radio in intellegience transmission continues with 
rapid strides. This new system of disseminating in- 
formation by broadcasting concerts, lectures, sporting 
news, market quotations, etc., has come to be one 
of the nation’s established activities. 


Generation, Transmission and Distribution 

of Power. 

The art of design and construction of electrical 
equipment for the generation, transmission and dis- 
tribution of power in the great systems of today has 
kept abreast of the growth in size of these systems. 
Each year brings with it the phenomenal growth of 
these power systems and attendant problems to be 
solved. 


Turbine-Generators. 

The size of generating units continues to increase 
year by year. It is worthy of note that a 62,500 kva. 
steam turbine generator, the largest single unit of 
this type in all the world, is being installed. A 43,750 
kva., 1800 rpm. machine under construction is the 
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largest steam turbine generator of this speed ever 
built. There is also under construction a 62,500 kva. 
cross compound unit, consisting of one 25,000 kva. 
generator and one 37,500 kva. generator. 


At this time a 62,500 kva. cross compound unit 
consisting of two 31,250 kva. generators is being built. 
In connection with both of these cross compound units 
and other large single generator units there has been 
developed direct-connected 1800 rpm. a.c. generators 
for direct connection to the main turbine, constituting 
an independent source of power for electrically driven 
auxiliaries. This is a new development in power sta- 
tion design, these direct-connected a.c. generators re- 
placing separate turbine generator units. 


During 1922 there were placed in service 32 tur- 
bine generator units varying in size from 3,750 kva. to 
43,750 kva., totalling 427,150 kva. For the first 10 
months of 1923 contracts have been received and the 
company now has in process of construction and in- 
stallation 82 units (3,750 kva. and larger) totalling 
1,644,235 kva. The number of large units that will 
be placed in service in 1923 and 1924 will exceed all 
previous records of the company. 


The first multipath ventilated 30,000 kva. single 
cylinder turbine generator unit was put into operation 
during the year. 


Water Wheel Generators. 


The hydro-electric generating station occupies a 
very advantageous position in the production of elec- 
tric energy at low cost. This year has witnessed 
the beginning of operation of Big Creek No. 3 Station 
of the Southern California Edison Company, con- 
taining three (3) 28,000 kva. 428 rpm., 50 cycle vertical 
generators. This installation is notable in that these 
are the largest generators built for such a high speed 
and are now operating with gratifying success. These 
machines are also designed for 60 cycle operation at 
514 rpm. which is exceptionally high speed for a ma- 
chine of this capacity. At the guaranteed 85 per cent 
over speed the peripheral speed of the rotor is five 
miles per minute. This 1s the largest hydraulic gener- 
ating station west of the Mississippi River. Other 
orders of special interest are: 


Two 15,000 kva. 95 rpm. generators. 
Two 12,000 kva. 133 rpm. generators. 
Four 4,500 kva. 100 rpm. generators. 
Three 6,660 kva. 500 rpm. generators. 
Two 6,250 kva. 300 rpm. generators. 
Two 10,000 kva. 200 rpm. generators. 


Frequency Changers. 

There has recently been installed the world’s larg- 
est frequency changer. Its rating 1s 35,000 kw., gen- 
erator output, at 100 per cent factor. The set is driven 
by a 47,800 hp. motor which receives its power from 
a 13,800-volt, 3-phase, 60-cycle supply. The length of 
the set is 4714 feet, the width 2014 feet and the frame 
diameter of the largest unit is 181-3 feet. The set 
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weighs 440 tons and both units are totally enclosed. 


Other orders of interest are: 


Three 7,500 kva. 600 rpm. set. 
Two 5,000 kva. 750 rpm. sets. 
One 15,000 kva. 300 rpm. set. 
One 7,500 kva. single phase set. 


During the year the company has completed the 
development and installation of a number of devices 
for shifting the stators of machines used as parts of 
frequency changer sets. Its use makes it possible to 
shift the phase angle in such a manner that an unload- 
ed set may be synchronized exactly with the line and 
also to control the load division between sets operating 
in parallel. 


Synchronous Condensers. 

Synchronous condensers for voltage control at the 
receiving end of long high voltage transmission lines 
and for power factor correction are in demand by the 
power companies as evidenced from the following re- 
cent installations or construction in progress: 


Three 30,000 kva. 600 rpm. synchronous con- 
densers. 

One 10,000 kva. 600 rpm. synchronous con- 
denser. 

Three 5,000 kva. 750 rpm. sychronous con- 
densers. 

Two 5,000 kva. 720 rpm. synchronous condens- 
ers. 
One 15,000 kva. 450 rpm. synchronous con- 
denser. 

One 10,000 kva. 720 rpm. synchronous con- 
denser. 

One 10,000 kva. 720 rpm. synchronous condens- 
er. 
Two 5,000 kva. 720 rpm. synchronous con- 
densers. 

One 12,500 kva. 720 rpm. synchronous con- 
denser. 

Two 10,000 kva. 720 rpm. synchronous con- 
densers. 

One 15,000 kva. 600 rpm. synchronous con- 
denser. 

One 10,000 kva. 720 rpm. synchronous condens- 
er. 

One 15,000 kva. 600 rpm. synchronous condens- 
er. 

One 7,500 kva. 720 rpm. synchronous condens- 
er. 

One 12,500 kva. 720 rpm. synchronous condens- 
er. 

Two 7,500 kva. 720 rpm. synchronous condens- 
ers. 


Synchronous Converters. 


An important improvement has been made in the 
design of large 60-cycle booster synchronous converter 
used in lighting service by introducing the use of 
high reluctant poles. ‘hese were first used on high 
voltage converters for railway service. During ab- 
normal conditions involving reverse current, commu- 
tation 1s improved. 


Synchronous Motors. 
A new type of damper winding for high speed 
synchronous motors, condensers and generators has 


been developed which, in addition to simplifying the 
construction makes the machine capable of success- 
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fully withstanding much higher over-speeds than 
formerly. 


Three high speed 650 hp. 3600 rpm. synchronous 
motors for driving multiple stage steam turbine type 
air compressors have been built. A 1700 hp. 1500 rpm. 
synchronous motor has also been built. 


The use of motor driven gas compressors has been 
extended through the development of an enclosed 
type of collector to prevent the possibility of sparking 
at the brushes igniting the gas. This has been accom- 
plished by totally enclosing the rings in a sheet steel 
drum through which air is forced by means of a sep- 
arate motor driven blower. 


Motor Generator Sets. 


A large number of motor generator sets of various 
types have been constructed during the year. 


One of the unusual designs executed is that of a 
very high frequency single phase motor driven gen- 
eratos for supplying power to an induction furnace 
producing special steel alloy. This generator has a 
rating of 100 kw. 5000 to 7000 cycles and 125 to 250 
volts. It is driven by a d.c. motor connected through 
high speed gearing. The design of this generator was 
difficult due to very high frequency and high speed. 
As an indication of the nature of the problems met in 
this design, it was necessary to take into account in 
the magnetic calculations the decrease in the size of 
the air gap caused by the increase in diameter of the 
rotating parts resulting from rotational forces. 


Automatic Control of Generating and 
Substations. 


The extension of automatic control of generating 
and substations is continuing at a rapid rate. New 
features have been added to this equipment which 
broaden its field of application and make for even 
greater reliability. 

There is under construction now the largest single 
automatically controlled converting unit built to date 
consisting of a 3,750 kw. three-machine, automatically 
controlled, motor generator set. 


Complete automatic and supervisory control equip- 
ment for two 4000 kva. water wheel driven generators 
is under construction. This will be the largest auto- 
matically controlled generating station in existence. 


There are in operation in St. Louis two 1800 kw. 
automatically controlled synchronous motor gener- 
ators. The application of automatic substation con- 
trol to large areas of large cities is continuing with 
remarkable success. 


Automatic substations for coal mines and indus- 
trial plants have been installed in great numbers. 


One of the largest installations of automatic con- 
trol is now being executed in Japan. A 4000 kw. 1500 
d.c. automatic substation consisting of the automatic 
control of two 2000 kw. synchronous converter sets 
and transformers for the Imperial Government Rail- 
ways of Japan is being installed. . 

One of the outstanding achievements of the year 
is that of developing electro-pneumatic switching 
equipment for automatic switching service in railway 
substations. The electro-pneumatic type of switch 
has contributed to the great success of Westinghouse 
multiple unit railway control. Simplified control cir- 
cults, greater interchangeability of parts and reduced 
space requirements result from the use of this type of 
equipment. 
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Supervisory Control. 

By taking advantage of the wonderful develop- 
ment in machine telephone switching, the Westing- 
house Company has perfected application of the prin- 
ciples and devices of that art to the distant control of 
all types of power and switching devices. A single 
operator in a central location may have complete con- 
trol of the generation of power and its distribution 
over a large system. By means of simple, small, col- 
ored lamp indicators, he has at all times, complete in- 
formation concerning the operating status of ‘the en- 
tire system. Through the medium of small control 
keys he performs in a distant station all of the opera- 
tions usually performed by an attendant. A simple 
two or three wire telephone circuit is the only physical 
connection between the dispatcher and the unattended 
station. Many equipments of supervisory control have 
been installed during the past year and the limit of 
its possibilities is not yet in sight. 

The advance of automatic and distant controlled 
unattended stations, while wonderfully successful in 
operation, left something to be desired. The dis- 
patcher could not determine the load at such stations. 
To make this possible, several very simple and eff- 
cient means of remote metering have been perfected. 
Making use of the same metallic circuit as used for the 
supervisosy control, the dispatcher receives a continu- 
ous indicating, graphic recording, integrating and 
graphic demand record of the load at any point. Re- 
gardless of the source or whether the load record re- 
ceived is of a.c. at 25 to 60 cycles or d.c., all indica- 
tions may be totalized through one instrument to read 
the total simultaneous load and demand on an entire 
power system. These systems, several of which are 
now in operation, are free from resistance errors com- 
mon to earlier schemes of remote metering. 


The successful development of automatic and su- 
pervisory control has greatly extended the range of 
natural power sites that may be profitably developed. 
This is especially true of small power sites which, if 
developed and manually operated, would produce 
power only at a loss. Automatic control by making 
attendance unnecessary turns the loss into profit. At 
natural power locations on streams and rivers remote 
from inhabited areas and difficult to reach or sur- 
rounded by conditions unsatisfactory to continued 
habitation, automatically controlled stations solve the 
problem. Means of performing all operations ordina- 
rily entrusted to an operator are performed with great- 
er precision, even to actual synchronizing by auto- 
matic means. 

All Westinghouse automatic substations at both 
Cleveland and Baltimore are provided with supervi- 
sory control and systems of remote load indication. 


Transformers. 

The phenomenal growth of the great power sys- 
tems of this as well as other countries requires the 
raising of transmission voltages to values which are 
unprecedented and demands the design and construc- 
tion of transforming equipment of greater voltage 
ratios. Factory and field testing of equipment for 
these extremely high voltages requires the construc- 
tion of testing equipment of much greater voltage 
range. 

The first 220,000 volt transmission lines for com- 
mercial service were put into operation in May of 
this year by the Southern California Edison Company. 
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There are in successful operation seven 18,750 kva. 
transformers and six 37,700 kva. auto transformers all 
of the shell form of construction. 


The Southern California Edison Company and the 
California Institute of Technology are installing a 
1,000,000 volt transformer outfit consisting of four 
250,000 volt testing transformers for cascade connec- 
tion. All of the units except the first are insulated 
from ground respectively at 250,000, 500,000 and 750,- 
000 volts. Two complete 500 kva. regulating equip- 
ments are provided so that the units may be operated 
in open delta connection for 500,000 volts, 3 phase, or 
two independent single phase testing equipments can 
be obtained for operation up to 500,000 volts. This is 
the first equipment to be built for obtaining high 
voltage by a cascade arrangement. During the fac- 
tory test of this equipment, the longest controlled elec- 
tric arc ever witnessed in a testing laboratory was 
drawn. 

The company has built and delivered a bank of 
transformers of the self-coolig type which have a 
maximum guaranteed continuous output of 56,000 
kva. at 118,000 volts. Tests indicated that they would 
carry a load of 60,000 kva. within their guarantees. 
These are probably the largest transformers ever built 
which cool themselves without recourse to artificial 
means of cooling. 


Seven 18,500 kva. transformers for raising the gen- 
erating voltage of the Big Creek Station of the South- 
ern California Edison Company to 220,000 volts were 
placed in operation in October. This is an important 
link in the Southern California Edison’s projected 
power system which operates at the highest voltage 
yet attempted. 

This year has seen the development of the “inert- 
aire transformer,” a unit in which an inert gas is in- 
troduced above the oil level to protect the oil against 
oxidation and to eliminate whatever fire risk or danger 
of explosion exists in a transformer. The inert gas 1s 
introduced automatically into the transformer case 
through the natural breathing of the unit, due to tem- 
perature changes. The air breathed into the case 
whenever the temperature falls, passes through a de- 
oxidizing compound which abstracts the oxygen, leav- 
ing pure nitrogen to enter the space above the oil 
level. With no oxygen in contact with the oil, oxida- 
tion or sludging is prevented and not only is deteriora- 
tion of the oil eliminated but also its quality actually 
improves with service due to the withdrawal and elim- 
ination of the oxygen dissolved in the oil. An explo- 
sion as nitrogen, and fire can not be started as the 
presence of oxygen is needed to support combustion. 


Eight oil insulated forced-cooled locomotive type 
transformers rated at 2,350 kva. at 10,500 volts, 25 
cycles and a 4,000 kva., 11,000 volt, 25 cycle unit of the 
same type have been constructed. These are probably 
the largest transformers yet built for this type of mo- 
tive power. 


Lightning Arresters. 

A study of the phenomenon of glow discharge has 
resulted in the development of the autovalve arrester 
and the number of units sold and installed during the 
past year has been limited by production conditions 
solely. This arrester is rapidly displacing other types. 
All sizes, from those for secondary distribution cir- 
cuits at 110 volts to those for the protection of the 
largest stations at 73,000 volts were manufactured. A 


32 The Blast burnace™ Steel Pl. | 


few for voltages up to 132,000 volts have been con- 
structed. 


Switching. 

The growth in size of generating units, power 
houses and the inter-connection of systems is rapidly 
increasing the duty requirements on switching appa- 
ratus. Not only is the amount of power that must be 
controlled increasing, but there is a demand for heav- 
ier duty cycles, and the requirement that apparatus 
must handle this large power much more effectively 
than heretofore. The hazards to an operating system 
involved by heavy short circuits are such that the ut- 
most precautions must be taken to render phase to 
phase short circuits impossible and thus through new 
standard apparatus to limit phase to ground short cir- 
cuits to small values by the use of neutral resistors. 
The outstanding development in this respect is the 
isolation of phases in the switch houses so that it is 
impossible to have phase to phase shorts at any point 
from the generator terminals through to the cable pot 
heads. ‘The first large stations using isolated phases 
adopted the horizontal arrangement, but in the past 
year, practically all new layouts have been of the 
vertical arrangement. The Westinghouse Company 
has developed apparatus to meet short circuit require- 
ments up to one and one-half million kva. for both 
types of arrangement. 


Transmission. 

In recent years increasing consideration has been 
given to projects involving the transmission of large 
blocks of power. To design such systems it is neces- 
sary to know the maximum power which can be trans- 
mitted taking into account the characteristics of the 
load and synchronous apparatus in combination with 
those of the line. Analytical methods for determining 
the power limits were developed and checked by tests 
on an artificial transmission system having a generat- 
ing capacity of 650 kva. and operated at 2300 volts. 
The transmission line was built in two sections so that 
Increase in the power limit of a line when an enter- 


mediate synchronous condenser station was added - 


could be determined experimentally. The results of 
the investigation will be presented in a series of papers 
at the A.I.E.E. mid-winter convention. 


Semi-tension construction for aluminum steel core 
cable is now being used. The new semi-tension and 
suspension clamps are designed for this type of con- 
struction and were used on the Skagit River develop- 
ment of the City of Seattle, Washington. 


A new high strength suspension insulator has been 
developed which, for mechanical strength, surpasses 
anything yet produced. 


Feeder Regulators. 

The company built and installed this year the 
largest step type induction regulator ever constructed. 
This 250 kva. regulator together with a special 15,000 
volt transformer ties together the 57,000 volt star bus 
of the City of Seattle with the 50,000 volt delta bus 
of the City of Tacoma system and permits the inter- 
change of power between the two systems. 


Some large regulators designed during the year 
were: 
Three 1000 kva. 4160 volts, 3 phase, 60 cycle. 
Three 750 kva. 5000 volts, 3 phase, 60 cycle. 
Five 260 kva., 7500 volts, 30 cycle. 
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The most noteworthy feature in connection with 
the feeder regulator work is that of the increasing de- 
mand for this type of equipment. 


Steam Turbines and Condensers— 
Large Turbines. 


The company’s engineers at its South Philadelphia 
Works have finished the engineering development of 
the new 20,000 kw. and 30,000 kw. turbines in which 
there are embodied a number of novel features. These 
frames are designed for the above ratings with the 
higher steam pressures, superheat and vacuum pre- 
vailing in most modern stations today. Under cer- 
tain conditions, an overload of 25,000 and 35,000 kw. 
respectively, can be obtained on the tertiary valve. 


Considerable time has been spent on the study of 
a turbine for 1,200 pounds steam pressure and final 
designs are now in progress. This will be a reducing 
turbine having an exhaust pressure of 300 pounds 
gauge, which condition led to the development of a 
special high pressure gland, known as the boiler feed 
pump type of gland, wherein condensate from the 
main condenser is used as sealing water. The gland 
acts as a stage heater and retains in the system most 
of the heat which would otherwise be lost through 
friction and condensation in the gland. 


After complete studies and the preparation of many 
designs for a single cylinder type of 50,000 kw. turbine 
for standard operating conditions of 325 pounds, 200 
deg. superheat, and 29-in. vacuum, it became obvious 
that machines of this size should be built as cross com- 
pound units with elements. running at 1800 rpm. 
rather than a single 1200 rpm. unit. 


A single cylinder unit involved a rotor weight of 
120 tons and precluded the possibility of shipment 
without taking the rotor to pieces. 


A 50,000 kw. unit has been designed as a three- 
cylinder machine, the high pressure and intermediate 
pressure elements being connected tandem to one 
generator and the low pressure element being a double 
flow machine driving a generator, all elements running 
at 1800 rpm. One novel feature of this unit is the 
use of twin vertical surface condensers, one on each 
side of the machine, with their upper water boxes 
above the engine room floor. The steam leaving the 
high pressure turbine is conducted to the boiler room 
and reheated to 700 deg. F. before entering the inter- 
mediate pressure element and many special problems 
were introduced by reason of the high temperatures 
resulting from this arrangement. After careful study 
the high pressure and intermediate pressure elements 
were separated so that they might expand freely. On 
account of the comparatively large volume in the re- 
heater and its connected piping containing steam no 
longer under control of the regular turbine governor, 
special arrangements for governing are required to 
prevent the turbine overspeeding in case of a sudden 
large reduction in load. As this machine is designed 
tor 600 pounds initial steam pressure, special pipe 
flange standards are necessary. 

The designs are well under way for a new 15.000 
kw., 1800 rpm. turbine. This frame will also have 
modifications to take care of 1500 rpm. installations. 

As a further result of the balancing machine de- 
velopment carried on at the South Philadelphia 
Works, a 125-ton balancing machine has been built 
and installed at the East Pittsburgh Works, This bal- 
ancing machine is a substantial duplicate of the large 
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machine designed, built and installed at the South 
Philadelphia Works. 


Condensers. 

An improved line of unit type condenser of up to 
4000 sq. ft. was manufactured wherein the pumps are 
more efficient and accessibility for inspection or repair 
has been increased. 

Feed water heaters were also developed for use in 
feed heating systems wherein steam is extracted from 
the main turbine for heating the feed water. 


Among numerous other condensers there have been 
built two 70,000 sq. ft., single shell, a size which we 
believe has not been exceeded anywhere. 


A new design of centrifugal circulating pump hav- 
ing large capacities was developed. This pump has 
specially designed suction passages and shows a re- 
markable efficiency. 


Hotwells for use on surface condensers have been 
developed wherein the excess oxygen contained in the 
condensate is reduced to practical elimination. 


As a result of studies and experimental investiga- 
tion the economy of air ejectors has been improved. 


Small Turbines. 


The design and development has been completed 
for a 114 kw. generator set for industrial purposes. 


Railways—Heavy Traction. 


This has been a banner year for the company in 
the heavy traction field. Forty-one locomotives have 
been shipped during this period. There are also under 
construction equipment for 62 large motive power 
units which constitute all of the steam railroad elec- 
. trification locomotive business placed during 1923 by 
the railroads of the United States. This indicates that 
the open minded policy of furnishing the type of equip- 
ment best suited for the conditions is correct as re- 
flected in the company’s business during the past year. 


Our engineering recommendations have always 
favored the use of the a.c. system for heavy tonnage 
railroad electrification. Fifty-seven of the units un- 
der construction are to operate from a sigle-phase 
trolley. Among these are the Norfolk and Western 
and Virginian units for the most powerful electric lo- 
comotives ever designed or built. 


Industry—Steel. 

1. Among distinctive installations of electrical 
equipment for rolling mill drives made during the past 
year is the apparatus supplied for operating a 16-in. 
hot strip mill. The roughing stands of this mill are 
driven through herringbone gear units by two 1500. 
hp., 705-rpm. induction motors with liquid slip regu- 
lator control. The four finishing stands are arranged 
to form a continuous train, each stand being driven 
by a separate compound-wound 240-volt d.c. motor. 
Two of the motors are rated 1500 hp. at 125 to 250 
rpm. and two are rated 1800 hp. at 165 to 350 rpm. 
These motors are designed with such close inherent 
speed regulation that they operate throughout their 
range without any automatic speed regulating control. 
This is the first installation of a drive for a continuous 
hot strip mill train which has been operated without 
special control for maintaining correct speed. Power 
for the d.c. motors is supplied by two synchronous 
motor generator sets each consisting of two 1000 kw. 
600-volt generators and a synchronous motor. 
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2. Two 5000-hp., 370-rpm., induction motors were 
placed in operation. One motor drives a 90-inch three- 
high plate mill and the other a 132-inch three-high 
plate mill. Both motors replaced steam engines. 

3. Notable among foreign orders is one covering 
complete electrical equipment for a blooming mill, a 
structural mill and a three-high plate mill. For the 
blooming mill a 5,000-hp., 700-volt d.c. single unit re- 
versing motor operating from zero to 120 rpm. will be 
supplied. This will be the largest single unit reversing 
motor in operation. For the structural mill there will 
be a 3750-hp., 700-volt reversing motor having a speed 
range of zero to 150 rpm. These two motors will be 
supplied with power from a fly wheel motor generator 
set consisting of one 3500-kw. d.c. generator, one 3000- 
kw. d.c. generator, one 180,000-pound fly wheel and a 
5000-hp. induction motor. A 3000-hp., 735-rpm. in- 
duction motor with herringbone gear unit will be sup- 
plied for the plate mill. Complete switchboard and 
control is included with the order together with mo- 
tors and control for the mill auxiliaries. 


4. Orders have been received for equipment to 
drive a 40-inch reversing blooming mill and a 48-inch 
universal plate mill. The equipment for the 40-inch 
blooming mill consists of a 7000-hp., 700-volt, 0-120- 
rpm. double unit reversing motor; a fly wheel motor 
generator set having two 3000-kw. generators, one 
100,000-pound fly wheel and one 3/750-hp. induction 
motor with complete switchboard and control. Both 
equipments will replace steam engine drives. 


5. An order has been placed for equipment to re- 
place engine drives on a 24-inch structural mill and a 
22-in. bar mill. The 24-in. structural mill drive con- 
sists of a 3000-hp., 600-volt, 325-485 rpm., d.c. motor 
connected to the mill through a herringbone gear unit; 
a fly wheel motor generator set consisting of a 2500- 
kw. generator, 60,000-pound fly wheel, 2500-hp. induc- 
tion motor, together with switchboard and control. A 
2500-hp., 500-rpm. induction motor with liquid slip 
regulator control will be supplied for the bar mill 
drive. 

6. The Company has on order a 1500-hp., 230- 
volt, 470-510-rpm., d.c. motor; a 1000-kw. synchronous 
motor generator set, a 75-hp. reel drive, and complete 
control to replace engine drive on the finishing stands 
of a rod mill. The control for this equipment has a 
number of special features. The roughing and inter- 
mediate stands of the mill are to be driven by the 
present engines the speed of which are subject to 
considerable fluctuation. To insure successful opera- 
tion of the motor with the engines, automatic control 
will be supplied which will cause the 1500-hp. motor 
to follow the variations in the speed of the engines, 
thus preventing breakage of the hot steel rod or dam- 
age due to excessive looping. Automatic control is 
also included for the rod reel drive which allows the 
reels to take up the finished rod uniformly regardless 
of the speed of the mill. 


Fans. 
A new 36-inch ceiling fan has been developed. 


Instruments. 


The outstanding feature in instrument engineering 
was the announcement of an entirely new line of a.c. 
switchboard instruments working on the dynamometer 
principle and replacing the former well-known West- 
inghouse induction type. These new instruments con- 
tain many novel and interesting features which place 


34 The Blast Furnace™ Steal PI. 


them in advance of all other meters. In addition to 
the usual 7-inch type these are made as a complete line 
in a smaller case 4% inches in diameter, in agreement 
with our engineering tendency to recommend smaller 
instruments than formerly, with more compact switch- 
board and control board designs. With these new 
lines we will hasten the time when the switchboards 
for the largest power plants will be miniatures of the 
types heretofore used. These new a.c. instruments 
are on the same basis of “ideal” design and “universal” 
application as the recently announced d.c. instruments 
which they match in appearance thus forming-a com- 
plete and harmonious line of instruments of both a.c. 
and d.c. types. 

Following are some of the principal articles and 
market reviews appearing in Iron Trade Review Dec. 
6 to Dec. 27, inclusive: 

DEC. 6 

Pig iron production in November fell below 100,000 
tons daily -for the first time in a year, the output of 
96,373 tons comparing with 101,375 tons in October. 
Total production in November was 2,891,191 gross 
tons against 3,142,642 tons in October. Production 
has declined 22.8 per cent from the high point last 
May. 

Iron Trade Review’s composite of 14 leading iron 
and steel products this week stands at $43.02, com- 
pared with $42.80 last week and $42.63 two weeks ago. 


Structural steel demand has improved and railroad 
buying is on a larger scale. The scrap market has ad- 
vanced. Recent bookings of pig iron tonnages for the 
first quarter by some furnaces have been the largest 
in their history. Prices show more stability at higher 
level. . 

The layout and methods of handling of material at 
the new plant of a large iron and steel jobber in Phila- 
delphia are described by E. C. Kreutzberg, of Iron 
Trade Review’s New York staff. The making and 
testing of steel balls is the subject of an article by 
K. H. Lansing. 

DEC. 13 


Steel ingot production in November declined 434,- 
162 tons, or 8.8 per cent from October. November 
was the seventh consecutive month to show a loss, 
and production was 24.1 per cent under the high mark 
in April. The output was at the annual rate of 37,126,- 
OOO tons, against a similar rate of 40,735,000 tons in 
October. | 

Final figures on Lake Superior iron ore shipments 
for the year 1913 show a total of 59,036,704 for the 
vessel route. <A total of 2,000,000 all-rail ore is esti- 
mated at this time. The year was very favorable in 
the ore trade. 


Iron Trade Review’s composite of 14 iron and steel 
products this week is $43.05, as compared with $43.02 
last week. More forward buying of steel is the fea- 
ture of the market. The Ford Motor Company has 
placed about 30,000 tons of steel products with mills 
and 1s negotiating for 30,000 tons of sheets. Some 
comment has been caused by the action of a Chicago 
producer of cold-rolled steel in adopting a Chicago 
base of 3.00c instead of quoting on a Pittsburgh basis. 


The British proposal for a protective tariff has been 
made a dead issue for some time by the defeat of the 
Conservative party, a London staff cablegram states. 
British business is undisturbed. English consumers 
purchase 100,000 tons of Belgian billets. 
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This issue contains a comprehensive write-up of 
the annual meeting of the American Society of Me- 
chanical Engineers, New York. 


DEC. 20 


More contracting for steel products for the first 
quarter is the outstanding feature of the market this 
week. Automotive companies are taking the lead in 
the movement. The Ford Motor Co. has distributed 
among several mills the 30,000 tons of sheets for which 
it recently inquired. A northern Ohio manufacturer 
of automotive parts has closed with several mills for 
15,000 to 20,000 tons of spring steel for the first half. 


The United States Steel Corporation reaffirms for 
first quarter the price of $42.50, Pittsburgh on semi- 
finished steel. Rail orders are heavy. Among recent 
orders is one for 102,500 tons for the Santa Fe sys- 
tem for 1924 delivery. 


Iron Trade Review’s composite of 14 iron and steel 
products this week is $43 against $43.05 a week ago. 
Certain grades of pig iron are failing to hold up to 
recently announced levels; particularly true of basic 
iron, on which $20, valley has been done. 

The beginning of heavy buying in Great Britain 
is reported by Irom Trade Review’s European man- 
ager. Pig iron purchases of the week aggregate 100,- 
000 tons, 70 per cent of which comes from Belgium. 


At an export trade conference held in Cleveland un- 
der the auspices of the Cleveland chamber of com- 
merce, James A. Farrell, president, United States Steel 
Corporation, emphasizes the need of American export- 
ers cultivating “secondary markets” while Europe “re- 
mains in a chaos of political conflict.” 


Selective immigration is favored at the national 
immigration conference held in New York under the 
auspices of the National Industrial Conference board. 


DEC. 27 


Buying is on the upgrade in the iron and steel 
markets as the year closes. Consumption is large 
and the outlook is highly favorable for a good volume 
of business in the first half of 1924. Steel production 
is 70 to 71 per cent of capacity, for the whole country, 
compared with 80 per cent a year ago. The steel cor- 
poration’s plants are operating at 8414 per cent. The 
steel market is fairly active as users continue to cover 
for future requirements. : 

The General Motors Corporation has closed for its 
first quarter tonnage with a number of mills; its normal 
requirements for a quarter are around 100,000 tons. 
The Willys-Overland Company has closed for 25,000 
to 30,000 tons for first quarter. An automotive con- 
tract placed in the Chicago territory calls for 12,000 
tons. The pig iron market is quiet, makers entering 
the new year with good order books. Iron Trade Re- 
view’s composite of 14 iron and steel products this 
week is $43.02, a slight advance in the week. This 
figure compared with $40.65 a year ago. 


British railroads buy more equipment. The Lon- 
don & Northeastern announces an expenditure of 
£5,000,000. British sheetmakers organize an export 
combination. Ruhr operations are expanding under 
the recent Franco-German operating agreement. A 
dozen blast furnace stacks are active and more are to 
be blown in. German offerings are increasing. 


An article by the Japanese correspondent of Iron 
Trade Review describes Japanese reconstruction plans. 
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Production of Iron in the Blast Furnace’ 


A Most Systematic Investigation of Furnace Phenomena 
By P. H. ROYSTER}, T. L. JOSEPH? and S. P. KINNEY$§ 


of iron ore at ordinary temperatures are charged 

into the top of the furnace and pig iron is dis- 
charged molten at the bottom. Inside the furnace 
therefore two changes of primary importance obvious- 
ly take place. First, the iron oxide of the ore is con- 
verted to metal, and, second, the cold solids—ore, lime 
stone, and coke—charged, are heated to a high tem- 
perature. One of these reactions is chemical; the 
other is physical. Both of them, however, are accom- 
plished through the agency of the gas which is forced 
by the blowing engines upward through the voids tn 
the charge. This gas, which the writers some years 
ago had occasion to term “bosh gas,” is formed in the 
immediate neighborhood of the blast entrance, and 
has essentially the same composition in every furnace, 
regardless of the materials used, the design of the 
furnace, or the manner of its operation.{— With dry 
blast and no volatile matter in the coke its composi- 
tion would be 34.34 per cent CO, 65.66 per cent N,. 
Moisture in the blast and traces of volatile matter in 
the fuel may introduce a per cent or so of hydrogen. 


The heat generated when bosh gas is formed is suf- 
ficient to raise it to a high temperature, 1800 deg. C-. 
or more. This temperature is sufficient to melt all 
forms of iron, coke-ash, ore-gangue, or fire-brick. As 
the gas passes upward through the furnace it meets 
the descending solids and an exchange of heat takes 
place, cooling the gas and heating the solids. The con- 
ditions under which bosh gas transfers heat, and car- 
ries out the chemical process of converting iron oxide 
into a metal is not known with any great accuracy. 
Since, however, the economy of the smelting process 
is governed by the extent to which bosh gas performs 
these two functions, it is possible that better knowl- 
edge of the phenomena will be of value to the industry. 


The U. S. Bureau of Mines has been studying the 
blast-furnace process for a number of years and has 
published a number of papers therefrom.° During this 
study an experimental furnace has been developed by 
the Bureau in co-operation with the University of 
Minnesota, and data have been collected which seem 
worth recording. The writers propose to discuss here 
the bearing of these results on the problem of iron- 
ore reduction. The exchange of heat, of course, is 
equally important and it may be convenient to deal 
with that problem in physics elsewhere. Both func- 
tions of the gas are important, but since one is a 
chemical problem, and the other physical, it is per- 


ie the blast-furnace process solid lumps or particles | 


*Published by permission of the Director, U. S. Bureau 
of Mines. 

tAssistant Metallurgist, Minneapolis Experiment Station. 

fAssistant Metallurgist, Minneapolis Experiment: Station. 

§Assistant Metallurgical Chemist, Minneapolis Experi- 
ment Station. 

{'‘Combustion of Coke in the Blast Furnace Hearth,” by 
G. St. J. Perrott and S. P. Kinney; paper read before Febru- 
ary, 1923, meeting of A. I. M. & M. E. Abstrated in Mining 
and Metallurgy, vol. iv, 1923, p. 145. Those writers found no 
appreciable difference in composition of the gas near the 
tuyeres at 11 American blast furnaces. Their paper contains 
references to similar investigations. 
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haps wiser to consider them separately. A faiture, how- 
ever, on the part of the bosh gas to act satisfactorily, 
either as a reducing agent, or as a source of heat, will 
seriously interfere with, if not completely, interrupt 
the process. . 

°(a) A method for measuring the viscosity of blast-furnace 


slag at high temperatures, by A. L. Feild. Tech. Paper 15/7, 
1916, 29 pp. 


(b) Slag viscosity tables for blast-furnace works, by A. L. 
Feild and P. H. Royster. Tech. Paper 187, 1917, 38 pp. 


(c) Temperature-viscosity relations in the ternary system CaO 
—AI,0;—SiO:2, by A. L. Feild and P. H. Royster. Tech. Paper, 
189, 1918, 36 pp. 

(d) War Minerals Series No. 5, 6, and 7, 1918. 


(e) Uses, preparation, mining costs, manufacture of ferro- 
alloys, by C. M. Weld and others. Bull. 173, 1920, 209 pp. 


(f{) Pyrometry in blast-furnace practice, by P. H. Royster 
and T. L. Joseph. A. I. M. & M. E. volume on Pyrometry, 1920, 
pp. 544-558. Discussion pp. 558-567. 


(g) Combustion of coke in blast-furnace hearth, by G. St. J. 
Perrott and S. P. Kinney. Paper before Feb., 1923, meeting 
cr. A. I. M. & M. E. Abstd. in Min. & Met. vol. 4, 1923, p. 145. 


(h) Combustibility of blast—furnace coke, by Ralph Sher- 
man and S. P. Kinney: Iron Age, vol. III, 1923, pp 1839-1844. 


(1) Progress in blast-furnace research, by P. H. Royster, T. L. 
Joseph, and S. P. Kinney. Reports of Investigation Serial No. 
2524, Bureau of Mines,, Sept. 1923, 6 pp. 

Reducing Power of Bosh Gas. 

If it were possible to remove all of the oxygen in 

iron ore by carbon monoxide, that is, if the equation 

Fe,O, + 3CO =2Fe + 3CO, (1) 
could be carried to completion, it would be chemically 
permissible to burden a furnace with a charge carry- 
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FIG. 1—The CO:/CO ratio, which is in equilibrium with me- 
tallic tron and tts two lower oxides at various témper- 
ature. 


ing 10,000 lb. of coke, 46,400 lb. of average Lake iron 
ore, and 13,300 lb. of limestone. 


The furnace would make, at 18,400 cubic feet of 
wind per minute, 500 tons of pig iron a day with 860 
lb. of coke per ton, provided no secondary reactions 
between carbon, its oxides and iron oxide took place. 
With this practice the furnace gas would analyze as 
follows: 
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Constituent Per Cent 
CO, 37.5 
CO 0.0 
H, 2.0 
N; 60.5 


No such burden or gas analysis has been ap- 
proached, expected, or even hoped for in practice. 
Nevertheless, if carbon monoxide is to be called a “re- 
ducing agent,” its reducing power cannot very well 
be said to be used up as long as the discharged gas 
carries CO with it. It happens that about 22 per cent 
is as low as is usually found. Apparently then no 
more than one-third of the reducing power of CO 1s 
used, because the gas carries only 34 per cent CO 
when it leaves the combustion zone. 


Bell* gave the problem serious attention as early 
as 1860. As the result of many laboratory and plant 
experiments he came to two conclusions; “First, that 
something like the last third of the original oxygen 
in iron oxide could not be removed by CO; and second, 
that whenever the ratio of CO, to CO exceeded a cer- 
tain value( which for the ore he was using he placed 
at 0.4 to 0.5), the gas was oxidizing, instead of re- 
ducing. These conclusions or theories are indepen- 
dent. The first theory states that there is some chem- 
ical peculiarity of iron oxide which prevents CO from 
separating the last portiont of the oxygen. The sec- 
ond takes no account of the iron oxide at all, but says 
that after the bosh gas has picked up enough oxygen 
to lower its CO content to some 20 to 24 per cent, the 
gas is “spent” and is no longer reducing at all. The 
writers have felt impelled to style these two conclu- 
sions “theories,” because from the evidence at hand 
today it does not seem that they are sound either 
in theory or in practice. 


Two Theories of Limited Reduction. 


The theory that the last fraction of oxygen in iron 
ore cannot be removed by CQO, immediately found 
wide popular favor. It was incorporated in textbookst 
and is accepted as a fact by a large number of furnace 
men. There is, nevertheless, little scientific basis for 
the theory. Experimental work in point is fragmen- 
tary. In defense of the theory it might be possible to 
imagine such a compound as Fe,O (containing 12.5 
per cent O,) which can be supposed to be unaffected 
by CO. This would be rather poor chemistry but it 
would help the theory. Another way would be to im- 
agine that FeO forms a solid solution with Fe (it is 
known not to), and to build from this a hypothetical 
chemical system with properly assumed pressures 
and free energies. 


There is more information available on the second 
theory. Eastman§ has recently assembled all the ex- 
perimental work on the equilibrium conditions for the 
system Fe-C-O, which included the results of 14 in- 
vestigators. The CO,/CO ratio, which is in equilibri- 


*Bell, I. Lowthian, Chemical Phenomena of Iron Smelting, 


+This last portion has often been called the “last traces,” but, 
since it amount from 20 to 30 per cent, “traces” is misleading. 

tCampbell, H. H., Manufacture of iron and steel, 1907, pp. 60- 
61, (McGraw-Hill, New York). Forsythe, Robert, The Blast 
Furnace, 1913, p. 191 (David Williams Co., Cleveland). John- 
son, J. E., Principles, operation, and products of the blast fur- 
nace. 1918, pp. 143-147 (McGraw-Hill, New York). 

§Eastman, FE. D., Equilibria in the system Fe:C:O: Jour. 
Amer. Chem. Soc., vol. 44, 1922, pp. 975-998. 
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um with metallic iron and its two lower oxides at vari- 
ous temperatures, is shown in Figure 1. This curve is 
taken from Eastman’s paper. It is conceivable that 
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FIG. 2—Outline drawing showing the exact dimensions 
of the experimental blast furnace now in operation... 
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TABLE I — ANALYSIS OF MATERIALS AS CHARGED 


COKE 
ULTIMATE 


| Yo To 
Fe 18.4 S 0.83 S 
SiO: 40.4 H; 0.54 VM. 
Al:O; 22.7 Cc 80.02 Ash 
CaO0+MgO 5.6 N 0.84 an 
O: 0.75 Moist. 


PROXIMATE 


LIMESTONE 


% % Fo 
0.83 CaO 51.62 Fe 52.13 
2.33 MgO 0.61 SiO: 11.13 

12.17 S10: 1.05 Al2O. 1.22 
80.65 Al;O; 0.35 Ca0+Mg0 — 0.39 
4.85 Fe:Os: 1.14 a Be 3.35 
Moist. 3.20 Moist. 8.54 


TABLE I! — OPERATING CONDITIONS 


Blast Temperature—750 deg. F. 
Blast Pressure—1.32 lb. per sq. in. gage. 
Top Temperature—660 deg. F. 


W ind—336 cu. ft. per min, actual air. 2 97 cu. ft. per min. air at 32 deg. F, 29.9 in. sea level barometer, dry. 3.52 


grains of moisture per cubic foot of dry air. 
Tuyeres—One 3-inch; one 214 inch; 180 deg. apart. 


Steel Jacketed Bosh—Water-sprayed; 12.6 gallons of coolingw ater per minute, inlet temp, 61.7 deg. F., outlet tem- 
perature 77.2 deg. F.; cooling-water loss 1,630 Btu. per minute. 


Coke—Per day, 8,050 Ib. Rouds—Per day, 67.0. 


many will take exception to this diagram. The curve 
ABC indicates that no matter what the CO,/CO 
ratio, a sufficient increase in temperature will convert 
metallic iron into an oxide. It is more usual to think 
that an increase in temperature will reduce the oxide. 
Although this work is well known, little attention has 
been paid to it by furnace men. In the blast-furnace it 
is not known at what temperature reduction by CO 
takes place. Imagine it to take place at a high tem- 
perature, and the diagram agrees with the theorem 
that CO,/CO cannot exceed a given value. Figures, 
recently quoted by Sperr and Jacobsen* show that 
CO./CO in the blast-furnace gas may run above 0.6, 
although 0.7 does not seem to have been reached. In 
Table III of their paper the amount of the original 
oxygen in the iron oxide removed by CO is 71.4 per 
cent maximum and 42.4 per cent minimum. 


Bureau of Mines’ Furnace. 


Data from the experimental furnace operated by 
the Bureau at Minneapolis now tend to show that 
neither of these two theories can mean anything ex- 
cept that, as furnaces are usually built and operated, 
some 20 per cent of the oxygen in the ore will be left 
for removal by other means than CO, and that the 
ratio of CO,/CO will not exceed say 0.7 per cent. If 
the last third of the oxygen is removed by the ex- 
pensive “direct reduction” method, the fault lies in the 
blast furnace process, or in any natural difficulties 
presented by the physical or chemical nature of the 
ore. And if a ratio of CO,/CO cannot be attained in 
practice higher than 0.7, the fault still lies with the 
design and operation of the furnace and not with any 
failure of the gas as a reducing agent. The question 
is one of some commercial importance and for this 
reason it is perhaps worth while to describe the Bu- 
reau’s furnace and its operation somewhat in detail. 

Fig. 2 is a drawing of the furnace lines. 


The furnace was burdened with the following 
charge: 120 Ib. of coke, 145 Ib. of ore, and 50 Ib. of 
limestone. 

The fuel was of the size known as “nut coke,” 
weighed 29.3 pounds and averaged 1,360 lumps per 
cubic foot. It had been passed through a 1%-inch 
opening and caught on a 34-1ch screen, but the largest 
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diameter of the larger pieces was about 2 inches and 
some of the lumps were as small as % of aninch. The 
stone weighed 89.5 pounds and averaged 37,000 Jumps 
per cubic foot. The ore—Mesabi non-bessemer—was 
crushed and screened to pass a 34-inch grizzly, and 
caught on an %-inch screen. It weighed 103.8 pounds, 
and averaged about 15,000 to 25,000 pieces per cubic 
foot. Neither the ore nor the lime stone could be 
called “sized” in any strict sense. The analysis of the 
materials as charged is given in Table I, and the usual 
operating data in Table 2. 

The stockline was measured and recorded 12 times 
an hour at two points and by measurements before and 
after each round. The average round was found to 
measure 9.05 inches thick the stockline being kept 34.5 
inches below the lip ring. The stockline area at this 
elevation is 8.03 square feet, indicating that each round 
occupied 6.05 cubic feet. The constituents of the 
round and their measured volumes calculate just this 
for the volume of a round, indicating that with the ma- 
terials used there was no measurable amount of stone 
or of ore spilling into the crevices between the lumps 
of coke. The calculated yield of metal from each 
round was 82.6 pounds of pig iron and by analysis the 
metal was found to average C, 3.5 per cent; Si, 1.25 
per cent, and S, 0.04 to 0.10 per cent. 


(To be continued) 


To know the speed of engines, shatting and ind: 
vidual machines is essential, in order to maintain the 
maximum plant operating conditions. Not only, to 
have occasional readings, but a continuous record 
showing comparisons and fluctuations from hour to 
hour. For these reasons Tachometers have been de- 
veloped and are now being extensively used in the in- 
dustries. 

The Bristol Company’s Bulletin 317 recently 1s- 
sued illustrates the various types of instruments used 
for indicating and recording this service. 

A wide choice of equipment is available; both pneu- 
matic and electrical applications are described, and 
much necessary information concerning installing and 
operation. 
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Motorizing Structural Mill at Homestead 


An Interesting Study Derived from Comparisons Between 
Antiquated and Modern Equipment 


By S. S. WALES} 


LTHOUGH electric motor-driven rolling mills 
A are now becoming quite common and attract lit- 

_tle attention, an account of the “motorization” 
of the 33-inch structural mill at the Homestead Steel 
Works will be of interest on account of the unique 
feature that the installation of the motor was the only 
change made in the equipment. 


It has been almost universally the case that the 
engineering department of a plant has in mind a num- 


Mr. S. S. WALES 


ber of changes, more or less drastic, to be made in the 
mill itself to improve its performance, which changes 
are made at the same time the motor is installed so 
that it is necessary to adjust the resulting benefits 
among several applicants each justly claiming a cer- 
tain credit. With the 33-inch structural mill no 
change in the roll train, shoes, housings, bearings, or 
methods of lining up and down was made, nor were 
the roll sections changed in any way until after the 
motor had been installed and run. 


Mill. 


This mill was installed in 1892 and is of the three- 
high, continuous running type, similar to that shown 


*General Electric Review. 


TChief Electrical Engineer, Carnegie Steel Company, 
Pittsburgh, Pa. 
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in Fig. 1, rolling up to 12-inch beams and 15-inch chan- 
nels with such other standard and special structural 
shapes as fall within its capacity. 


It consists of one roughing and one finishing stand 
normally carrying six passes in the .roughing and 
four in the finishing rolls. The rolls are of 33-inch 
theoretical centers, have 20-inch diameter necks, and 
are 74 inches between bearings. They are made of 
standard material such as gray cast iron or steel. 


The mill was designed to take reheated blooms or 
cogged shapes up to 9% inches by 11 inches. The 
bloom is received from the heating furnace and is 
handled on each side of the mill by electrically-driven 
travelling pass tables, which move parallel to the mill, 
receiving the out-coming piece and returning it to the 


This very valuable article shows the results 
obtained by just substituting an electric mo- 
tor for a steam engine on a 33-inch structural 
steel mill at the Homestead Steel Works. A 
study of the summary of these results is very 
instructive. 


proper pass until it finally is delivered to the cooling 
beds. The cooling beds were of ample capacity for 
the mill when run by the steam engine. 
Engine. 

The engine was built by the Southwork Foundry 
& Machine Company and was of the well-known Por- 
ter-Allen type, horizontal simple engine, with 54-inch 
cylinder and 66-inch stroke, and with a 24-foot, 180,- 
000-pound flywheel. It was designed to work under a 
steam pressure of 125 pounds and atmospheric ex- 
haust with a speed of 65 rpm. 


Motor. 


The motor selected to replace this engine was a 
4000-h.p., 25-cycle, 3-phase, 6600-volt machine with a 
synchronous speed of 83.3, illustrated in Fig. 2. The 
efficiency is calculated to be 94.5 per cent with a 
power- factor of 81 per cent and a speed of 82 rpm. 
at full load. It will deliver 4000 h.p. continuously with 
a rise of 35 deg. C. above the surrounding air, and 
6000 h.p. with a 50 deg. rise, and is capable of exert- 
ing a maximum running torque of approximately 
700,000 1b.ft. corresponding to 10,500 h.p. It is pro- 
vided with a cast steel flywheel 19 feet in diameter, 
with 16-inch face, weighing 170,000 pounds and the 
combined stored energy of the rotor and flywheel is 
approximately 18,400-h.p.-sec. An extra section of 
resistance sufficient to give 5 per cent additional slip 
is installed which is cut into the rotor circuit by means 
of a notch-back relay and contactor, if the load on the 
motor exceeds approximately 150 per cent normal 
torque. The motor can be started, stopped or re- 
versed by means of push buttons mounted near the 
mill or by a master switch inside the motor room. 
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While it would have been desirable to direct connect 
the motor and raise the speed of the mill .to 83.3 it 
was thought best not to experiment along this line at 
the start so a reduction gear with a ratio of 20 to 16 
was introduced between the motor and the mill 
pinions. 

The motor was started on its regular working pro- 


oe a me: a 


v a5 |. be 7 -! - 


FIG. 1—Structural steel mill similar to that described in this article. 


gram during June, 1921, and has continued without 
interruption to the present time, the only repairs be- 
ing the renewal of contact tips on certain parts of the 
control system due to the severe strain put on them 
in “wedging up” the rolls in the process of “lining” 
where it is necessary to successively start and stop 
the mill for a movement of only a few inches on the 
surface of the rolls. 
Results. + ag 
It was noticed almost immediately that, 
whereas the engine used to slow down and drag 
on the long finishing passes, the motor held up 
to speed and that the finished piece was delivered 
to the cooling beds much hotter than before. This 
led to cutting the ingot into two blooms instead 
of into three blooms per ingot as was the former 
practice, further increase in weight being pre- 
cluded by lack of room in the mill, as designed, 
to care for the extra length of the finished piece. 


The trouble which had always been experi- 
enced in variation in weight of section sometimes 
amounting to several per cent was entirely elim- 
inated, even with the 50 per cent increase in 
length due to using two cuts instead of three cuts 
to the ingot. The only difficulty encountered 
due to the change was that the cooling beds 
proved to be inadequate to care for the increased 
tonnage which could now be handled, so placing 
the limit on the output of the mill. 


It was feared that the great reserve power 
of the motor would cause serious trouble in case 
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of a piece being “cobbled,” and that an increase in roll 
breakage would result, but this has not proved to be 
the case, the result being fewer cobbles and a con- 
siderable decrease in roll breakage. This is probably 
due to the uniformity of speed the motor maintains 
and the ample power provided, which eliminates slow 
rolling and serious loss of temperature during the 
process. 3 


One very noticeable advan- 
tage of the motor over any other 
method of driving a rolling mill 
is the intimate knowledge it pro- 
vides the operators and roll de- - 
signers regarding the power re- 
quired for each pass, by means 
of continuous chart-drawing in- 
struments. The flow of plastic 
steel under pressure is governed 
by so many things that the pow- 
er may vary over wide limits, for 
reductions of area which are 
practically equal,especially 
when structural shapes are be- 
ing rolled. It is possible to dis- 
tribute this work over the pass- 
es to the best advantage for the 
mill and the finished product if 
the work done in each pass is 
known. 


Charts. 


Fig. 4 shows a reproduction 
of a chart taken at 12 inches per 
minute with a swing of the pen 
equal to one half inch per 1000 
kw. In this curve and those fol- 
lowing, the wavy shape at the top and bottom is prob- 
ably due to the sensitiveness of the instrument and 
the vibration of the ground caused by the running of 
the mill. The high saw-tooth form of the curve for 
changes from friction load to full load and back ap- 
pears to be due to lack of dead beatness in the instru- 
ment allowing the pen to over swing in both directions. 


Figs. 3, 5, 6 and 7 are reproductions of a chart 
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FIG. 2—4000-h.p., 25-cycle, 3-phase, 6500-volt induction motor for driving 


the 33-inch mill. 
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TH 


oth KOUGHING PASS. 5th “OUGHING PASS. 4th kOUGHING PASS. 


Length,---725 ins. Length ,---420 ins. Length,---290 ins. 
(\reo,10.93 sq.ins. Aroa,18.97 sqeins. Area ,27.35 sqeinse 
keduction,--42.4%. keduction,--30.6%. Keduction,--34.9%. 
In Pass----8; sec. In Pans----55 sec. In Pess----45 sec. 
ome s 2 Max. K.l'.----~ Max. K.W.---<--2 


FIG. 5—Showing the final roughing passes. 


4th FINISHING PASS. 3rd FINISHING PASS. 
tee ee ee eee 


Length,---1780 ins. Length,---1600 ins. 
Area ,--4.46 sq.ins. Area ,--4.96 sq.ins. 
keduction,---10.1%. kKeduction,---10,.5%. 
In Pass----15° sec. In Pess-~--154 SOC. 


110 sec 105 sec 195 sec. 190 rt 95 sec. 90 sec. 


FIG. 6-B — Showing the final finishing passes. 
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Srd ROUGHING PASS. 
SEE ee 
Length,---189 ins. 
Aren ,41.99 sq.ins. 
Reduction,-~-32.1%. 
In Pass----S ~ sec. 
Max. K.Wen---~ 2850. 
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2nd ROUGHING PASS. 
Ce eee 
Length,---128 ins. 
Area ,61.88 sq.ins. 
Reduction,--~19,0% 
In Pass----2% sec. 
Max, KeWe---=-2700. 


Stool 2 eed , 


lst ROUGHING PASS. 


Length,---104 ins. 
Area ,76.41 sqeins. 
keduction,--18.0%. 
In Pass--©-2} sec. 
MaxeK."%.-----2300,. 


BLOOM 


Size, 83"X11"%652.". 


Weight ,---2270 lbs. 
Area ,93.16 sq. ins. 
Volume ,7942 cu.ins, 


41 
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FIG. 3—Showing the bloom and the first roughing passes. 


Speed, 


2nd FINISHING PASS. 


lst FINISHING PASS. 
SY 


Length,---1435 ins. 
Aroa,--5.54 sq.ins. 
keduction,---28.1%. Reduction,---29.6%. 
In Pass----14} sec. In Pass----l13 sec. 
Max. K.M.------ 1300. Max. KeWee----= 1150. 


PUTA rea Tie. ETT 
TTT. TPT 
NTT ETE 


85 sec. 80 soc. 75 sece 70 sece 65 sece 60 sec. 55 sece 50 sec. 


Length,---1030 ins. 
Area,--7.70 sqeinse 


first finishing passes. 
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taken at 18 inches per minute with a swing of 1 inch 
per 1000 kw. The speed curves at the bottom are of 
interest only as showing the drop in speed under load, 
which allows the fly-wheel to function. The speed 
curve is omitted for the finishing passes as there is 
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FIG. 4—Curve drawing instrument chart showing the fluctuating 
character of the load. 
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hardly any noticeable decrease of speed under the 


power demands at this point. The curve has been 
spread to allow better opportunity for study and a 
picture of the section resulting and the data for the 
pass are shown above the curve. In these chart curves 
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FIG. 7—Reproduction of chart taken at 18-in. per min, with a 
swing of 1 in. per 1,000 kw. 


the time is shown in five second blocks evenly divided 
into single seconds which is near enough for all practi- 
cal purposes. These chart curves form a basis for 
some very interesting study and need no discussion 
in this article. 
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Steel Pla. 


Summary. 


As no change was made other than the ueteile: 
tion of the motor in place of the steam engine, the 
electrification of this mill may be credited with the 
following: 


1. More convenient operation due to push button 
control for starting, stopping and reversing. 


2. Cheaper operation due to less attendance, and 
practically no repairs. 

3. Greater tonnage and fewer pieces to handle due 
to the reserve power inherent in the electric motor. 


4. Fewer cobbles and reduced roll breakage. 


5. More uniform sections with less difference in 
weight of finished piece, due to quicker finishing. 


6. Assistance to roll designer derived from record- 
ing chart. 


To Make Power Survey of Pennsylvania 


As a commission from Governor Gifford Pinchot, 
a power survey of the State of Pennsylvania has just 
been instituted by the Commercial Engineering De- 
partment of Carnegie Institute of Technology. Dr. 
W. F. Rittman, head of the department, and Prof. 
Sumner B. Ely are making the survey under the 
directorship of Morris L. Cooke of Philadelphia. 


As the purpose of the study is to determine the 
approximate consumption of horsepower necessary to 
operate Pennsylvania industries over a given period 
of future years, the survey is considered to be one of 
the most important in the state’s history. In order 
to make such an estimate possible, the Carnegie Tech 
engineers have been asked to survey the total con- 
sumption of power used in the state industries in the 
past 20 years. 

Because of the relative importance of the state 
survey, Dr. Rittman and Prof. Ely have been assured 
of the utmost co-operation by engineers and heads of 
industries throughout the commonwealth. The Car- 
negie Tech investigators, who have just completed a 
power survey of the Pittsburgh District upon their 
own initiative, will have a wealth of information de- 
rived from this study upon which to construct their 
state-wide research. 

Governor Pinchot’s faith in the possibilities of a 
power survey of the state was expressed in a state- 
ment issued last summer when he said: “In an ad- 
vancing social order, power must be both cheap and 
plentiful. Therefore every possible economy must be 
practiced. This implies the conception of a state-wide 
(and ultimately a nation-wide) reservoir or pool of 
power into which we may pour energy from whatever 
source, and from which storage we may take out en- 
ergy to meet widely diversified scattered needs. 


“Giant power means cutting out waste. The burn- 
ing of raw coal in power plants and on our railroads 
has come to be recognized as waste, involving, as it 
does, the loss of by-products such as ammonia, needed 
for fertilizer on the farm; tar for road- -building, and 
other hydrocarbons useful as dyestuffs and otherwise 
in the industries. If these economies can be realized 
through building large scale by-product distillation 
and power plants at the mines, it will mean cheaper 
power because of the reduction in the cost of fuel, 
which today constitutes upward of three-quarters of 
the whole cost of steam developed electric current. 


The Carnegie Tech engineers plan to complete 
their survey by the end of summer of 1924. 
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Ore Bin System 


Great Labor Reduction Effected by New Mechanical 
Handling Equipment 


iron and steel producing plants are at present ex- 

periencing, the Adrian Furnace Company of Du 
Bois, Pa., decided during the summer of 1922 to in- 
stall a modern and permanent storage bin and trestle 
system, together with scale cars, and transfer car, and 
other necessary auxiliary equipment. 


The blast furnace at Du Bois was placed in opera- 
tion on April 6th, 1923, and with the new mechanical 
handling equipment it has been possible to reduce the 
number of men employed in the stock house from 19 
to 3 men per shift. 

When the furnace was last blown out, in August, 
1922, it was decided to begin the improvement pro- 
gram at once, and Arthur G. McKee & Company of 
Cleveland were selected as engineers and contractors 
and were awarded a lump sum contract for the entire 
work. 


In selecting a location for ore storage, it was de- 
cided to utilize a site adjoining the property of the 
Rochester & Pittsburgh Coal & Iron Company, which 
company also controls the Adrian Furnace Company 
property. This procedure made it possible to bring 
into service a traveling bridge which was originally 
installed by the Rochester & Pittsburgh Coal & Iron 
Company for handling and storing coal. By provid- 


[\ anticipation of the labor difficulties which many 


ing a slight curve and extending the crane runway, 
the bridge now can traverse the ore storage and serve 
the transfer car operated in connection with the new 
trestle and bin system. It was also necessary to 
change the center line of the new concrete trestle to 
a point 3 ft. 6 in. distant from the center line of the 
old wooden trestle, which was practically completely 
dismantled. 


As shown in the accompanying illustrations, the 
new bin and trestle structure, comprising a total of 
33 bents, is 480 ft. in length and is of steel and re- 
inforced concrete construction. The height of the 
trestle at the skip pit is 27 ft. to top of rail, and is 
provided with walkways on each side of the trestle 
tracks with steel handrailing 3 ft. 6 in. high. 


Suspended from the reinforced concrete support- 
ing structure are six ore and stone bins, each 15 ft. in 
length, center to center of bents. The bins are of the 
Baker suspension type and of steel plate construction, 
3g in. thick, braced and reinforced with angles and 
beams. -For direct discharge into scale car, the bins 
are equipped with a continuous row of segmental type 
gates, which are easily operated from the scale car 
platform. The scale car for carrying ore and stone 
from the bins to the skip pit is electrically operated 
and is of heavy steel construction. The car is of the 


FIG. 1—Shows the track level of bin and trestle structure 480 ft. long, built of steel and concrete. 
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center discharge type, with side platform, the control 
and scale equipment, car discharge and bin discharge 
mechanism being so arranged that they are all easily 
accessible to the scale car operator. 


In order to accommodate the new arrangement it 
was necessary to deepen and enlarge the existing skip 
pit, and to extend the travel of the skip cars. 


The coke bin is of the central discharge type, and 
is 45 ft. in length, center to center of bents, occupying 
three bays in the trestle structure. The bin sides and 
bottom are of 3%-in. steel plate, braced with structural 
steel members, all suspended from the concrete bents, 
wearing plates being provided in the lower portion of 
the bin. The coke bin is designed for a capacity of 
135 tons of coke, level full. 


For screening the coke, two McKee patented cas- 
cade coke screens were provided, over which the coke 
is discharged from the storage bin direct into the skip 
cars. Beneath the coke screens are two chutes which 
deliver the breeze to the boot of a bucket elevator. 
The breeze is then elevated approximately 30 ft. and 
emptied on to a 14-in. belt conveyor, which carries the 
material approximately 52 ft. and discharges direct 
into railroad cars. The belt conveyor is of standard 


FIG. 2—Another view of trestle showing bottom of bins from 
9 the yard level. 


construction, provided with 4-ply rubber covered belt, 
troughing idlers and return idlers. Power for driving 
is supplied by a 5-hp., 220-volt, d.c. motor. 


Prior to the installation of the new handling equip- 
ment, operation of the skip hoist, furnace bells, etc., 
was accomplished from several remote points, and in 
order to overcome this disadvantage, a new opera- 
tor’s house was constructed. This house is located at 
the skip pit, on the furnace side of the coke bin, and 
with the new arrangement the operator has under his 
direct control the operation of the skip cars, coke bin 
gates, coke breeze disposal equipment, furnace bells 
and furnace gauging mechanism. 


As previously mentioned, it was decided to con- 
vert the traveling coal bridge into an ore bridge and 
owing to the existing construction and clearance of 
the bridge and bucket, a special transfer car was re- 
quired for distributing materials from the ore bridge 
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to the respective storage bins. The maximum clear- 
ance obtainable was approximately 8 ft. above top of 
rail, necessitating the provision of a cab which would 
afford a full view of all operations and still meet the 
clearance requirements. For these reasons the car 
was designed with the cab located in a lowered posi- 
tion and supported by extending the car frame, as 
shown in the adjacent photograph. 


The car has an overall length of 40 ft. 8 in., the 
hopper being 20 ft. 6 in. by 12 ft. 8 in. at the top, giv- 
ing a capacity of 50 net tons. For discharging ts con- 
tents the car hopper is equipped with two pairs of 
counterweighted discharge gates, so arranged as to 
dump the material symmetrically from the hopper. 
Opening and closing of the gates is effected by a 
mechanism of levers, cams and shafts, operated by 
means of air cylinders. An auxiliary hand operating 
mechanism was also provided, for use in case of fail- 
ure of air supply. 


The car is equipped with two four-wheel standard 
50-ton M.C.B. arch bar trucks, Westinghouse air 
brake equipment, and is driven by two 51-hp., 250-volt, 
d.c. motors, one mounted on the axle of each truck. 
All auxiliaries, such as fenders, headlights, warning 
gongs, etc., are included in the car equipment. 


In summarizing the foregoing, the new construc- 
tion and equipment gives the Adrian Furnace Com- 
pany a complete mechanical handling and storage 
system, which, by utilizing certain existing equip- 
ment, was provided at a minimum expenditure. 


Reconstruction work was completed February 9, 
1923. The interests of the Adrian Furnace Company, 
in connection with the improvement program, were 
handled by Mr. F. G. St. Clair, general manager. All 
designs, equipment and erection were furnished by 
Arthur G. McKee & Company. 


Concrete Ties Used in Indian Railways 


The Northwestern Railway of India has made exhaustive 
tests of a new type of concrete railway tie patented by a Delhi 
consulting engineer. Experiments have been made on 50 
miles of main line track near Delhi and the results have been 
so satisfactory that a further 70 miles of track will be simi- 
larly equipped as soon as the necessary ties are manufac- 
tured, says a report to the Department of Commerce from 
Vice Consul Robert F. Kelley at Calcutta. The tie consists 
of two concrete blocks joined together by a tie bar, the rails 
being fastened by means of a screw or dog spike driven into 
wood plugs, specially treated and compressed, set in the bed 
of the concrete block. The other Indian railways are inter- 
ested in concrete dies. The East Indian Railway has been 
using a large number of Green-Moore patent reinforced con- 
crete ties for seven years and has now nearly completed a 
factory for manufacturing 500,000 railway ties per annum. 
The Green-Moore tie is the invention of the deputy chief 
engineer of the East Indian Railway and is similar in con- 
struction to the type in use on the Northwestern Railway. 
They have been favorably reported on by the senior govern- 
ment inspector of railways since 1915-1916, who states that 
they are still in perfect condition and show no signs of 
weakness. The Bengal Nagpur Railway has decided to adopt 
the Green-Moore tie and has acquired a license to manufac- 
ture 300,000. 
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Metalloids in Basic Pig Iron in Basic Open- 
hearth Practice’ 


By C. L. KINNEY, JR.+ 


duced by the basic open-hearth process is an index 

of its ability to produce high-grade steel from raw 
materials of the most varied physical character and 
chemical analysis. This inherent adaptability of the 
process has resulted in a lack of care in the selection 
of raw materials, so that in far too many cases charges 
are used of a chemical and physical character not jus- 
tified by local economic conditions. 

A practice, or series of practices, should be used 
that will result in the greatest economy for the plant 
as a whole; therefore, the operations of blast furnace 
and open hearth must be considered together. In this 
paper, an effort has been made to show those varia- 
tions in both openhearth practice and cost that follow 
changes in the analysis of the pig iron and, it may be 
said that, the theoretical costs shown are worthy of 
careful study and consideration. 

Carbon, manganese, silicon, phosphorus, and sul- 
phur constitute the principal metalloids in basic pig 


TT auc rapid increase in the amount of steel pro- 


An endeavor to emphasize the effect of 
varying percentages of silicon, manganese, 
and phosphorus in the basic pig iron, used in 
the basic open-hearth process, on the cost of 
steel; supplemented by calculations that ex- 
hibit the momentary losses sustained, when 
unnecessary quantities of silica or bases are 
used. 


iron and play the leading role in the production of 
steel by the basic open-hearth process. The percent- 
ages of each of these metalloids, with the exception of 
carbon, is a variable that has its genesis in the eco- 
nomic relation of the blast-furnace plant to its ore and 
fuel supplies. As the amount of carbon in the iron 1s 
a saturation function of the temperature at which it is 
produced, the variation in the amount carried is, for 
any given locality and grade of iron, practically negli- 
gible and is so considered in the eight heats discussed 
in this paper. 

The melting and refining reactions in an open- 
hearth furnace, either acid or basic, are essentially 
oxidizing and vary greatly with the type and age of 
the furnace, as well as the character of the fuel em- 
ployed. The outstanding characteristic of the basic 
process, and the one that explains its predominance 
over the acid, is its ability to form out of the lime 
charged and the phosphorus oxidized from the charge 
a stable calcium phosphate, which is held in solution 
by the basic slag. The necessity for such a process 
had its origin in the gradually diminishing quantities 
and increasing cost of iron ores having a phosphorus 
content sufficiently low to permit the production of 
iron, which contained an amount of this element small 
enough to make possible its conversion into merchant- 


*Copyright, 1923, by the American Institute of Mining and 
Metallurgical Engineers, Inc. 

TSuperintendent of Open-Hearth, Illinois Steel Company, So. 
Chicago, III. 
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able steel by the acid process. So the problem is how, 
and to what degree, the changes in hot metal consti- 
tution affect burdening practice, for the open-hearth 
process is a metallurgical operation that takes various 
materials and produces steel to meet trade specifica- 
tions; and the management must meet these chemical 
and physical specifications in the most economical 
manner possible. 

In this paper, eight representative heats have been 
chosen and worked out on a chemical, or material, and 
thermal balance and then combined on a cost basis, 
in an effort to determine what grouping of materials 
will yield the lowest cost to them all as a unit. 


The conversion of pig iron into steel requires the 
elimination, as far as possible, of the silicon, phos- 
phorus, and sulphur and the reduction of carbon. The 
oxidizing action of the flame with high iron charges - 
must be increased by the introduction of iron oxide 
in the form of ore, for these metalloids (except car- 
bon) must be oxidized before they can be taken up 
and held by the slag. The principal slag-forming con- 
stituent is lime, and enough must be introduced with 
the charge to absorb and carry away the impurities. 
Any excess lime or ore charged is a distinct loss both 
in heat and material. An excessively thick slag offers 
an increased existence to heat transfer from gas to 
bath, and excess ore produces an overoxidized and soft 
melting heat, as well as heavy iron losses in the slag. 


In our practice, a charge of 35 per cent metal (car- 
rying 0.75 per cent silicon, 1.00 per cent manganese, 
0.20 per cent phosphorus, 4.30 per cent carbon, and 0.04 
per cent sulphur) together with 65 per cent scrap will, 
under average conditions, melt at approximately 0.50 
per cent carbon, which is sufficient when making soft 
steel to give the active carbon boil so essential for the 
proper refinement of the charge. As is the case in all 
large steel-producing districts, the scarcity and price 
of heavy melting steel scrap make it more economical 
to substitute the high-percentage iron charge for the 
scrap; this substitution necessitates an enhancement 
of the oxidizing power of the furnace. This is accom- 
plished by charging in the furnace, with the limestone 
and scrap, a predetermined amount of oxygen in the 
form of iron ore. The action of the oxygen, thus in- 
troduced, on the metalloids in the excess iron charged 
is a preferential one, at the temperatures prevailing 
in the furnace at the time the hot iron is poured on 
the limestone, scrap, and ore previously charged. The 
silicon, manganese, and phosphorus are first oxidized 
and, as the temperature rises, the carbon-oxygen reac- 
tion begins to predominate, and on further tempera- 
ture rise it becomes the only one. It is at this period 
of the melt, because of the enormous volumes of car- 
bon monoxide and carbon dioxide generated, that the 
gas-saturated slag occupies two or three times its 
normal volume; to prevent destructive erosion of the 
furnace structure, it is customary to run off from 30 
to 40 per cent of this total slag. In spite of the fact 
that this run-off slag contains relatively high percent- 
ages of iron and manganese, in the form of silicates, 
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which if held in the furnace could be more thoroughly 
reduced and their additional oxygen made available 
and the metal returned to the bath; the general prac- 


January, 1924 


tual operation. These typical heats, on a cost basis, 
showed the following results: 


tice is to waste this slag, and with cheap iron and ores, aes ca Soe tN eh eote ge Te: en 

it is robabl more economical to do so than to re- tandar Iron Siete el & eee eee eee eee eee eens : 

: P mes MA Standard iron, low-silica ore............06- 30.27 

duce the size of the charges and to use the additional High-manganese iron ............2--ee0ee 30.27 

fuel that the greater finishing slag volume would ne- SN aes apr iron, low-silica ore........ ee 
1 XCEOSS JIMEStONG: -dh4 eves acinedesweeen 5408 . 

a Nags ee f ee High-silicon iron ........ssccscceeeu eee es 32.21 
- Met tale € preceding principles, one scrap High-phosphorus iron .........eeeeeeeeeee 31.12 


and seven ore heats have been calculated on a material 
and heat-balance basis. The analyses of the various 
pig irons and the names by which the heats will be 
hereinafter referred to are: 

Pig Iron Analysis 


While the scrap heat does not represent regular prac- 
tice in the South Chicago district, it is included to 
show what economies might be realized by this sim- 
ple melting process, when the relative cost of heavy 


eee Phos- Manga- melting scrap and iron permit. The heats with the 
Carbon Silicon phorus nese Sulphur low-silica ore have been included to show the savings 
Heat Pet. Pct. Pct. Pet. Pct. . . . 
Semip 430 0.75 020 1.00 004 possible from this source. The excess-limestone heat 
Standard iron ......... 430 0.75 020 1.00 0.04 was included to show that this customary method of 
Standard iron, low-silica reducing sulphur is expensive. 
OF Grease Guede de aba 4.30 0.75 0.20 1.00 0.04 


High manganese iron.. 4.30 0.75 0.20 2.00 0.04 
High manganese iron, 


As already mentioned, the open-hearth reactions 
are highly oxidizing, and the oxidizing capacity of the 


low silica ore....... 430 0.75 0.20 200 0.04 furnace when high percentages of iron are charged 
eps agecipad seu Siete 7 ee He hoo nak must be enhanced by the introduction of an amount 
High phosphorus iron. 430 0.75 0.70 1.00 0.04 of oxygen in the form of iron ore. The demand for 


The scrap charge was 35,000 Ib. hot metal and 65,000 
Ib. heavy scrap; all others were made up of 65,000 Ib. 
hot metal, 35,000 Ib. of scrap, and varying amounts of 
ore. “Low-silica ore’ means that the ore carried 4.62 
per cent. silica instead of 9.29 per cent as in the other 
cases. 


It may be properly asked what advantage may be 
gained or reliance placed on results of heats calculated 
in this manner; all were calculated using the same fac- 
tors and, in the cases that correspond to operating con- 
ditions in the Chicago district, the theoretical results 
obtained corresponded very satisfactorily with our ac- 


ore will depend on the type and age of the furnace 
and the weight of metalloids charged. The method 
of determining the amount of ore needed will be ex- 
plained later. 


While the exact constitution of a basic open-hearth 
slag is not thoroughly understood and analyses vary 
over wide limits, a good slag will always possess cer- 
tain outstanding characteristics. Such a slag may be 
considered to consist of a phosphate and a silicate por- 
tion, the former being held in solution by the silicate 
slag. Moreover the basic and acid constituents must 
be so proportioned as to permit the slag to hold the 
impurities, and also to be of the proper consistency at 


TaBLE 1.—Comparative Costs of the Different Heats. Based on the Calculated Chemical and Thermal 
Balance Sheets and Market Prices of April, 1923 


Standard Iron 
High-silica Ore 


High-manganese Iron 


Standard Iron 
High-silica Ore 


Low-silica Ore 


Materials Used t Cost 
Tons | Amount Tons | Amount er Tons | Amount per 
on on 
Basic hot metal..... ecccccececsvcee|$ 28.00/15.63 | $ 437.64 29.02 | $ 812.56 29.02 | $ 812.56 29.02 | $ 812.56 
Iron in ferromanganese ..........-- 28.00] 0.035 0.98 0.047 1.32 0.040 1.12 0.014 0.39 
Heavy melting steel scrap...........| 24.00/29.02 696.48 15.63 375.12 15.63 375.12 15.63 $75.12 
Metal from ore.......... et eensenes 12.00 2.12 25.44 2.12 25.44 2.32 27.84 
Pure manganese from 80 per cent. 
oe eee re rice eoee| 162.50] 0.142 23.08 0.189 30.71 0. 162 26.33 0.055 8.94 
Gross metallio mixture.........0: $1,158.18 | $28.32 $1,245.15 | $29.39 $1,240.57] $20.14 $1,224.85 | $28.86 
Heavy scrap recovered............. $ 24.00] 0.446] $ 10.70 0.467| $ 11.21 0.4671 $ 11.21 0.469 11.26 
Pit scrap recovered............2:-..| 20.00] 1.339 26.78 1.403 28.06 1.403 28.06 1.409 28.18 
Net metallic mixture............. $1,120.70| $27.40 $1,205.88 | $28.47 $1,201.30 | $28.22 $1,185.41] $27.93 
Lémestone.......-..ccccccecccucee $ 2.001 1.05|/$ 2.10 2.94/$ 5.88 2.001 $ 4.00 3.09|$ 6.18 
Fluorapar.........0ccccecceccees ..| 23.00] 0.134 3.08 0.134 3.08 0.134 3.08 0.134 3.08 
Calcined dolomite..............s00. 9.00} 0.446 4.01 1.12 10.08 1.12 10.08 1.12 10.08 
Coal.......... Saee ates eee ea 7.00] 8.53 59.71 10.43 73.01 9.75 68 .25 11.04 77.28 
Blag disposal............0000% veel 0.50] 1.79 0.90 6.10]$ 2.55 4.01 2.01 5.34 2.67 
Potaliesd eGschaeuwnenncesaes $ 69.80| $ 1.71 $ 94.60] $ 2.23 $ 87.32| $ 2.05 $ 99.291 $ 2.34 
Total coat.....ccccccececcpeces $1,190.50 $1,300.48 $1,288.62 "$1,284.70 
Cost per ton of ingots...... beepers: $20.11 $30.70 $30.27 $30.27 
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TaBLE 1.—(Continued) 
High manganess iran Excess Limestone High-silicon Iron High-phosphorus Iron 
Materials Used roas Cost Cost Cost 
Ton | Tons! Amount per Tons | Amount per Tons | Amount r Tons | Amount 
on on on Fon 
Basic hot metal..............-..20- $ 28.00/29.02 | $ 812.56 29.02 | $ 812.56 29.02 | § 812.56 29.02 | $ 812.56 
Iron in ferromanganose............ 28.00) 0.005 0.14 0.056 1.57 0.066 1.85 0.057 1.60 
Heavy melting steel scrap........... 24.00/15.63 375.12 15.63 375.12 15.63 375.12 15.63 375.12 
Metal from ore............--.se00> 12.00) 2.32 27 . 84 2.12 25.44 3.00 36.00 2.56 30.72 7 
Pure manganese from 80 per cent 
ferro...... giuatitireedcare Mea eps 162.50; 0.019 3.09 0.225 36.56 0.263 42.74 0. 228 87.05 
Groes metallic mixture............. $1,218.75 | $28.54 $1,251.25 | $29.81 $1,268.27 | $30.17 $1,275.05 | $29.56 
Heavy scrap recovered............. $ 24.00) 0.469) $ 11.26 0.467; $ 11.21 0.476, $ 11.42 0.472; $ 11.33 
Pit scrap recovered............... ..| 20.00] 1.409) 28.18 1.403 28 .06 1.429 28 . 58 1.416 28.32 
Net metallic mixture............. $1,179.31 | $27.62 $1, 211.98 | $28.88 $1,228.27 | $29.22 $1,217.40] $28.63 
Limestone....... si uhattee a deaas ..../8 2.00] 2.06|/$ 4.12 §.21|$ 10.42 6.73 | $ 13.46 4.23/13 8.46 
Fluorepar.......0.0-006 Para ee 23.00} 0.134 3.08 0.268 6.16 0.134 3.08 0.134 3.08 
Calcined dolomite. Sia Bie Ate crx was 9.00} 1.12 10.08 1.12 10.08 1.12 10.08 1.12 10.08 
Coal. 6425 oct tet tia whine ee tere 7.00|/10.33 72.31 11.86 83.02 13.51 94.57 11.60 81.20 
Slag disposal........... cc cece eee 0.50| 4.13 2.07 6.90 3.45 9.38 4.69 6.39 3.20 
Totaliis3i42sa2hies ccnaaeseeaete $ 91.66] $ 2.15 $ 113.13] $ 2.69 $ 125.88] $ 2.99 $ 106.02| $ 2.49 
Total cost......... Pesala ata aeeea $1,270.97 $1,325.11 $1,354.15 $1,323.42 
Cost per ton of ingots.............. $29.77| $31.57 $32.21 $31.12 
TaBLE 2.—Practice Data of the Different Heats 
Sera Standard Iron Standard Iron High-manganese Iron 
p High-silica Ore Low-silica Ore High-silica Ore 
Per cent. ingots ........... 20. e cece ees 90.58 91.04 90.39 
Per cent. heavy scrap................---65. 1.00 1.00 1.00 
Per cent: pit sorap........ 0. cc cece cee eee eee 3.00 3.00 3.00 
POF O01: 1606 iii vik esis ea sae resend 5.42 4.96 Sh 
Tons of ingots. - be gicgliaes uk Ca ea conta td deta at 42.36 42. BT 
Hot-metal analysis. .. eeinan ite nahin cava aa tla aa C, 4.30; Si, 0.75; P, 0.2; | C, 4.30; Si, 0.75; P, 0.20; | C, 4.30; Si, ©. 7b: P, 0.2; 
Mn, 1.00; 8, 0.04 Mn, 1.00; 8, 0.04 Mn, 2.00; 8, ‘0.04 
Hot metal, per cent. charged: ar rer 62.05 62.05 61.79 
Pp, per cent. c Pigse wouese eure tae 33.41 33.41 33.27 
Tron from ore oe we 4.54 4.54 4.93 
Bilica in ofe ... 2... ccc wc ee ee ee eeee 9.20. 4.62 9.29 
Pounds coal per ton of ingots ...........0+. ‘ 551.0 511.0 583.0 
Pounds limestone per ton of ingots .. eee 155.00 105.0 163.0 
Pounds pure manganese in per ton Seaneaits 10.0 8.5 2.9 
manganese in bath.......... 0.20 . 0.23 0.34 
Weight of slag, pounds..,..........-...2555 11,423.0 8,975.0 11,965.0 
Weight of iron in slag, pounds Wee Gites a eece Sc 1,728.0 1,274.0 1,432.0 
Excess Limestone High-silicon Iron High-phosphorus Iron 
Per cont. ingots......... ccc cect e eens 89.76 88.23 90.11 
Per cent. heavy scrap............-..-0s eee: 1.00 1.00 1.00 
Per cent. pcecar Baga tid Get Sanh ne sheets lacenteaneds 3.00 3.00 3.00. 
Per cent. 10e8....... 0c cee eee eee 6.24 7.77 5.88 
Tons of ingots.......... cece ee eens _ 41.97 42.04 42.53 
Hot-metal analysis............... 00.000 eeee C, 4.30; 8i, 0.75; P, 0.2; C, 4.30; Si, 1.75; P, 0.2; C, 4.30; Si, 0.75; P, 0.7; 
n, 1.00; 8, 0.04 Ma, 1.00; 8, 0.04 n, 1.00; 8, 0.04 
Hot metal, per cent. charged................ 62.05 60.91 61.48 
Scrap. per cent. penarecd as ed lar ee Gar ays 33.41 32.80 33.10 
Iron from ore. ie 4.54 6.29 5.41 
Silica im ore.... 2.1 ee ee ees 9.29 9.29 9.29 
Pounds coal per ton of ingots. . 633.0 720.0 612.0 
Pounds limestone per ton of ingots........... 278.0 359.0 224.0 
Pounds pure manganese in ladle per ton...... 12.0 14.0 12.0 
Residual manganese? in bath................. 0.16 0.12 0.16 
Resigns of slag, pounds..................... 15,465 .0 20,897 .0 14,318 .0 
Weight of iron in the slag, pounds........... 2,536.0 3,624.0 1,918.0 


the temperature of the furnace. 
erty might be termed fluidity. 


This physical prop- 


So with a set of factors for determining the amount 
of ore and lime and the quantity of slag that the 
charge would yield, the chemical balance sheets for 
the eight heats were worked out, as well as the ther- 
mal balance sheets. Data on how much coal would be 


Google 


required to supply the heat needed to balance the 
heat generated and heat absorbed were taken from 
a paper by G. R. McDermott and myself,* as well as 
the general method of calculating the thermal bal- 
ance sheets. 


*The Thermal Efficiency and Heat Balance of an Open 
ya Furnace. Year Book, Am. Iron & Steel Inst. (1922) 
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TaBLE 3.—Combined Practice and Cost Sheet Using these values for material and coal, as well 

él al, : oF Se as product and scrap, a comparative cost sheet was 

3 | 2/8/24. aj. | fis | s made for the various heats, using market quotations 

Type of Cherge =3| 26/3] 21 ag [Ss 24 os ie of April, 1923, as the base price, with the results shown 

$2/ $2) 2/2 | 3s di) $2 | 32/342) 3 in Table 1. It will be noted that the high-manganese 

cic Be SNE Na kes 2a 8 Be iron and low-silica ore heat has a price advantage of 

Seas pews as 0| 100,000 woo. 0.24| 413 | 4,003; 536 | 219 | $29.11 $0.50 a ton over all the other ore heats. Next come 

silica ore....0...... 4,746 | 104,746 |42.3690.58, 0.20 | 530 | 11,423| 1,728 | 504 | 30.70 the standard-iron low-silica ore and high-manganese 

ie ere 4.746 | 104,746 |42.57/01.04] 0.23 | 453 | 18,975| 1,274] 466 | 30.27 iron high-silica oF heats, which are about on a par. 

fg dag RE OE BR a HE DR RENE The standard-iron high-silica ore heat costs $0.43 a 

High-manganese iron, | _ ere ee ae eh ‘te ton more than the standard-iron low-silica ore, while 

porte om_--- | S1ma| tasamlen.zogo.ca oo) | sass] oo | su | m7 the excess-limestone, high-silicon iron, and high-phos- 

High-tilicon iron......| 6,718 | 106,718 42.04/88.23) 0.12 | 736 | 20,897 3,624 | 580 | 32.21 phorus-iron heats cost from $0.42 to $1.51 a ton more 
High-phosphorus iron.) 5,725 | 105,725 |42.53'90.11 0.16 | 640 | 14,318 1,Q18 54l 31.12 ° ° eqs 

| | | than the standard-iron high-silica ore heat. 


For convenience a condensed cost and practice 
sheet, which shows some of the salient features of the 
ican si Tendeced Theraak Rulaate Shot various heats, and a condensed thermal balance sheet, 
. , are given as Tables 3 and 4; the complete ones are 
given as Tables 5-12. (Refer to Feb., 1924, issue.) 


| 
2 
Type of Charge Absorbed. | “sted, in st ent | cect pes The amount of ore required for a 65 per cent iron 


Atl 
Heat to | Per ‘dl At 10,625 


oe ee es a era 
Milho Furnace, | Supplied | Pounds T f . 
Btu | "Btu | Millions | in Gas, | Coal per | Ingots heat depends largely on whether all of the slag is held 
tu. in the furnace or whether part of it is run off. In 


| the first case, time is allowed for all the earthy bases 
Se al Ee Mia aaa Kan eel (Mil to work up and convert the iron and manganese sili- 
We: ohn heii 64.71 | 21.77 | 42.94 | 248.21 | 23361 | 551 cates into their oxides and basic silicates; then, by the 
Standard iron, low-silica reducing action of the carbon boil, iron and manganese 
Gi acnGiecwriuseh ors 62.04 | 21.43 | 40.61 | 232.06 | 21,841 | 511 f h 
High manganese iron, are free to return to the metal bath. The other prac- 
high-silica ore......... 68.74 | 23.27 | 45.47 | 262.83 | 24,737 | 583 tice calls for enough ore to convert the manganase 
High-manganese iron, a sit; — Hiaat rei. h * ation f 
low-silica ore......... 65.38 | 22.85 | 42.53 | 245.84 | 23,137 | 542 BAO SECO TIO SI Oa tee BEd ARE. PROS ROres. Sie Der 
rag mae pra eit 70.67 | 21.84 | 48.83 | 282.25 | 26,564 | 633 rous and ferric phosphate, in which form they are 
High-silicon iron........ 85.84 | 30.20 | 55.64 | 321.61 30,269 720 ; 
High-phosphorus iron...| 74.60 | 26.77 | 47.83 | 276.47 | 26021 | 612 largely removed from the furnace in the run-off slag. 
The required amounts of ferric oxide in the form of 


TaBLE 5.—Scrap, Furnace Charge 
CHEMICAL BALANCE SHEET 


150 


Weight, | Per Per er Per Per Per | Per | Per 
Material in Cent. nouns P oa Cent P ce Cent. ce Cent sak Cent. Pp ae Cent. | Cent. —- Cent. 
Pounds | C Si . 2 —e P P20; “6 | Mn | MnO 8 
Basic hot metal..... 35,000 | 4.30 | 1,505 160 | 1.00 350 | 0.04 
Structural steel scrap) 65,000 | 0.20 130 16 | 0.40 260 | 0.04 
Ore (natural)....... - 
Michigan limestone.| 2,343 0.042 
Calcined dolomite...| 1,000 0.126 
PiuOrane? sés.s. 5 c60 62 300 
SiOz from furnace 
BUPUCTULG oicivsic acne: 
Total entering fur- 
GROG cits ee8 Has oe 1,635 176 610 
Total steelin bath...) 96,616 | 0.20 193 0.24 232 | 0.04 
Tapping slag, 99.04 
WOE CODE SS occas 4,003 3.83 153 7.07 219 | 0.25 
2 Otel output..6 6c. 193 451 
Unaccounted for... . —159 
Metalloids oxidized. 1,442 | 378 | 
| 18 | 19 20 | 21 28 | 29 | 30 | 31 | 32 | 33 
| | | | | | % Per Per 
ta | Per | | Per | Per Per | Per Pe er e 
Material | roan | Cent. | sg | Cent. | Pounds | Cent. gia a Cent. | ‘on Cent. | get Cent Pounds Cent. ae oa 
| CaO | MgO | F | FeO | Fe:0 203| *~©8 | AlsOs ws | Co) SS 
| | | ume | ure 
Basic hot metal....... 14 32,236 
Structural steel scrap.. 26 64,583 
Ore (natural)......... | 
Michigan limestone... 1 54.60) 1,279 0.88 21 | 0.20 5 0.30 7 1.5 
Calcined dolomite..... 1 | 48. 68) 486 | 32.58, 326 i 1. 49 11 
| 23 
PIMGREDES hs se 3. 84 esas 2.50) 8 0.38 1 1.15 3 
SiOs from furnace 
Structure: v.<2 scs.ces 
Total entering furnace. 42 1,773 | 3848 __| 96,828 21 
Total steel in bath..... |} 39 | 99.51) 96,142 
Tapping slag 99.04 per | rere ; 
| ne oe ee | 10 44.29) 1,773 8. 67) 348 | 5,36 17.26 691 0.52 21 
Total output......... 49 1,773 | 348 | | 96,678 21 
Unaccounted for...... | +7 | | | —150 


Metalloids oxidized.... 
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ore for each method are shown in the following table,* 
and are applicable to actual operating conditions. For 
the sake of simplicity, the costs and thermal and 
chemical balance sheets shown are based on the first- 
named practice. 


Per Cent of FE:O; 

No Run-Off With Run-Off 
1 per cent silicon requires ......... 4.32 7.62 
1 per cent phosphorus requires ..... 4.30 7.80 
] per cent manganese requires ..... 0.97 0.97 
1 per cent carbon requires ......... 3.60 4.44 


The metalloids in part of the pig 1ron may be con- 
sidered to be eliminated by the oxidizing capacity of 
the furnace, while those belonging to the remaining 
quantity of pig iron charged determine the ore require- 
ment. In practice, it is found that a scrap heat com- 
posed of 65 per cent light scrap and 35 per cent pig 
iron melts at about 0.50 per cent carbon. This so- 
called oxidizing power of a furnace is largely meas- 
ured by the amount of iron oxide, or scale, formed 
during the melting down of the scrap. With ore heats, 
this oxidizing action is somewhat less; and for the 
cases under consideration was considered to be 10 per 
cent less than in the scrap heat. So the ferric oxide 
charged for the standard ore heat will be that required 
to eliminate the metalloids from 33,000 lb. of pig iron. 
The requirements for the high-silicon, phosphorus, 
and manganese iron heats will be the standard ore 
figure plus the iron oxide needed to eliminate the 
increased quantity of metalloids charged. 


One of the most vital factors in the economical 
operation of a basic open-hearth furnace is the slag; 
and on account of improper composition and exces- 
sive volumes, the process as a whole suffers very 
grave losses. While such losses cannot be entirely 
eliminated, because of lack of ability to forecast ac- 
curately the variation in the quantities of acids to be 
charged, the tendency at all times is to charge an ex- 
cess of earthy bases to care for the occasional peak of 
acids. The determination of the quantities of earthy 
bases to be charged for any given amounts of silica 
and phosphorus 


TABLE 5—Continued 


THERMAL BALANCE SHEET 
Heat Absorbed 


THERMOCHEMICAL CHANGES 
Reduction of oxides of iron: 


Heat of formation of Fe:Os = 3240 
Heat of formation of FeO = 2430 


Output: 
Tapping slag = FeO = 691 X 2430 = 1.68 X 10, 


Moisture in ore: 


Total weight of ore = 

Per cent moisture 

Total water 

Total heat to make steam at 212° 

Specific heat of steam = 0.42 + 0.00013 (2800 + 212) = 0.81 

Heat in superheat = (2800 — 212)0.81 = 

Total = 

*Carl Dichmann: “The Basic Open Hearth Steel Process.” 

ad Alleyne Reynolds. D. Van Nostrand Co., New York, 
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Decomposition of limestone: 
Heat of formation CaCOs per Ib. = 772 Btu. 
Total limestone = 2343 Ib. 
Total heat required = 2343 & 772 = 1.81 x 10, 
Moisture 1.5 per cent = 351 Ib 


Total heat to make steam = 351 « 1092 = 0.38 xX 10, 

Heat in superheat = 351 & (2800 — 212) x 081 

end 0.74 x 10 
Total = . 1.12 & 10, 


Decomposition of improperly burned dolomite: 
Total weight of dolomite = 1000 
Volatile = 15.54 per cent = 155 
Assumed 98 per cent = 152 exists as CO; 
To drive off CO: = 1756 Btu. per Ib. 
Total heat to drive off CO. = 1756 & 152 = 0.27 x 10, 


THERMOPHYSICAL CHANGE 


Hot metal 35,000 lb. Temperature = 2474° F. Tapping tempera- 
ture -= 3080° F. includes emissivity factor 
Temperature rise (3080° — 2474°) = 606° F. 
Specific heat = 0.2 
Heat absorbed = 35,000 « 606 0.2 = 4.24 X 10, 
Scrap = 65,000 lb. Temperature = 62° F. 
Melting temperature scrap = 2795° F. 
Heat required to bring to melting temperature = 65,000 x 2733 
« 0.16 = 28.42 x 10, 
Latent heat of fusion = 72 Btu. 
Total heat of fusion = 65,000 « 72 = 4.68 X 1 
Heat to raise to temperature of bath = (3080 — 275) 65,000 « 
0.2 = 3.71 X 10, ; 
Total heat = 36.81 X 10, 
Total heat in molten slag: 
Heat in tapping slag = 4003 & 1066 = 4.27 x 10, Btu. 
Total heat absorbed = 46.84 x 10, Btu. 


Heat Generated 


Oxidation of carbon, weight = 1442 
Heat of formation of CO from C per lb. = 4374 Bru. 
Heat generated = 4374 «& 1442 = 6.31 X 10, 
Oxidation of manganese, weight = 378 Ib. 
Heat of formation of MnO = 2984 Btu. 
Heat generated = 2984 « 378 = 1.13 X 10, 
Oxidation of silicon, weight = 263 Ib. 
Heat of formation of SiOz = 11,693 Btu. 
Heat generated = 11,693 & 263 = 3.08 * 10, 
Oxidation of phosphorus, weight = 67 Ib. 
Heat of formation of P:0O. = 10,825 Btu. 
Heat generated = 10,825 & 67 = 0.73 & 10, 
Heat of formation of slag weight = 4003 Ib. 
Heat of formation of slag = 115 Btu. 
Heat generated = 4003 & 115 = 046 x 10, 
Total heat generated = 11.71 < 10, Btu. 


Authorities for Constants Used 
THERMOCHEMICAL CHANGES 
Iron oxide reduction—Richards. 
Decomposition of limestone—U. S. Bureau of Standards. 
Oxidation of C, Mn, Si, P—Richards, LeChatelier, Berthelot, 
Thomson. 
Formation of slag, calculated using Richards’ values. 


THERMOPHYSICAL CHANGES 


Specific heat, pig iron—0.1665—Oberhoffer. 

Specific heat, soft steel—0.16—Meuther. 

Latent heat of fusion, pig iron—Hutter. 

Latent heat of fusion, steel—average value—Jetner, Richards, 
Brisker. _ 

Heat in molten slag—Springorum. 


Thermal Balance Sheet 
HEAT ABSORBED 


Red. of oxides of Fe = —1.68 
Absorp. moisture of ore 

Decomp. of limestone _ 1.81 
Absorp. moist. of limestone = 1.12 
Decomposition of dolomite = 0.27 
Heat in molten slag = 4.27 
Heat added to mixer metal = 4.24 
Heat added to scrap = 3681 

HEAT GENERATED 

Oxidation of C = 631 x 10, 
Oxidation of Mn = 1.13 X 10, 
Oxidation of Si = 308 x 10, 


er Per - er 
Material =| Pounds | Cent. | Pounds | cent. | Pounds | Cent 
CaO MgO Fe 
Basic hot metal...... 26 
Structural steel scra 14 
Chapin ore fnsiiret). . 1.60 147 2.64 242 | 51.76 
Michigan prnenice 2 | 54-60) 3,595 0.88 58 0.20 
Calcined dolomite. . 5, 48.58;) 1,215 32.58 815 0.38 
FRIOIGDON 6&6 s'0 6 é00 4s 2.50 8 0.38 1 
SiO: from — furnace 
_etructure.......... 
Total entering furnace 47 4,965 1,116 
Tapping ‘lag 0. 61 sil 
apping 
SeGnede aan s 29 43.46) 4,965 9.77; 1,116 
Total i output. Ss aceia auchs 69 4,965 116 
Unaccounted for..... +22 


Metalloids oxidized. . 


TABLE 6—Continued 
THERMAL BALANCE SHEET 


Heat Absorbed 
THERMOCHEMICAIL CHANGES 


Reduction of oxides of iron: 


Heat of formation of Fe-O; = 3240 Btu. 
Heat of formation of FeO = 2430 


Input: 
FeO; = 6,661 
FeO = 108 
Heat of formation: 
FeO; == 66b1 ~ 3240 = 21.58 po 10, 
FeO = 108 * 2430 = 0.26 X 10, 
10m! = Zee St 10; 
Output: 


Tapping slag = FeO = 2229 X 2430 = 5.42 X 10, 
Moisture in ore 

Total weight of ore = 9170 

Per cent moisture = 8 

Total water = 734 

Total heat to make steam at 212° = 734 


50 The Blast Purnace™ Stool Pl- January, 1924 
Oxidation of P = 075-10, Heat in superheat = 734 x (2800 — 212) & 0.81 = 1.54 X 
Heat form. slag a= O46 -< 10; 10, 
Balance heat to be sup- ae) 
plied by combustion ‘ Total = 2.34 X 10, 
of gases in furnace = 35.13 X 10, Decomposition of limestone: 
Total Btu. 46.84 X 10, Heat of formation CaCO; per lb. = 772 Btu. 
THERMAL EFFICIENCY OF BATH Total limestone = 6584 
Thermal efficiency of furnace = 17.3 per cent. Total heat required = 772 « 6584 = 5.08 x 10, 
Btu. in gas per pound of coal = 10,625 . Moisture 1.5 per cent = 99 
35.13 & 10, = aes 
Total Btu. to be supplied in producer gas = ———-—- = Total heat to make steam = 99 X 1092 = 0.11 < 10, 
0.173 Heat in superheat = 2096 xk 99 = G2? SX 1G, 
203.06 * 10, Btu. lee aiiae 
Total coal burned = 19,111 Ib. Teal = 0.32 x 10, 
TaBLE 6.—Standard Iron, High-silica Ore Furnace Charge 
CHEMICAL BALANCE SHEET 
1 ee Tie 5 cs ey fae] 2 fe] oe | oe | ae] te. | a 
Moterial | poids CST] | CO LCR] ah | Siok | “BOs | CBE] MPT” | See | POs: | Sn | Sing | Ma | Cet 
Basic hot metal..... 000 | 4.30 2,795 0.75 488 1,039 | 0.20 130 1.00 650 | 0.04 
Structural steel scrap} 35,000 | 0.20 0.01 4 0.40 140 | 0.04 
Chapin ore (natural 9,170 9.29 852 | 0.05 5 0.13 12: |. 2y, 
Mic prea ag 6,584 0.34 22 | 0.006 0.042 
Calcined dolomite. . 2,500 1.32 33 | 0.004 0.126 
Fluorspar.......... 300 l.12 3 |.0.004 
SiO: rom furnace 
structure......... 100 
eb a. eee fur- 
Tees A 2,865 488 2,049 802 
Total t steel in rege -| 99,069 | 0.20 1 0.01 10 0.20 198 | 0.04 
Tapping slag, 100.6 
DOP CONG iis os anaes 11,423 17.94; 2,049 129 2.58 295 5.69 504 | 0.25 
Tetal output....... 198 2,049 139 702 
Unaccounted for... . —100 
Metalloids oxidized. 2,667 488 129 604 


Pe 
Per Pe Per 
Pounds c Pounds Pounds Pounds Cent. | Cent 
ent Cent ent. Cent : 
Fe. FeO eO Fe20; Fe203 Al:O3 Al:O CaF Vol- Moist- 
ume ure 
60,911 
34,772 
4,746| 1.18 108 | 72.64) 6,661 1.10 101 3.15) 8.00 
13 .30 20 
10 1.49 37 15.54 
1.15 92.53 
100,452 161 
98,624 
1,728 | 19.51 2,229 1.41 161 
352 161 
—100 
100 


Decomposition of improperly burned dolomite: 


Total weight of dolomite = 2500 Ib. 

Volatile = 15.54 per cent = 389 Ib. 

Assumed 98 per cent = 381 exists as CO, 

To drive off CO: = 1756 Btu. per Ib. 

Total heat to drive off CO: = 1756 K 381 = 0.67 * 10, 


THERMOPHYSICAI, CHANGES 


Hot metal = 65,000 lb. Temperature = 2474° F. Tapping tem- 


perature — 3080° F. includes emissivity factor . 
Temperature rise (3080° — 2474°) = 606° F. 
Specific heat = 0.2 


Heat absorbed = 65,000 « 606 & 0.2 = 7.88 10, 
Scrap = 35,000 lb. Temperature = 62° F. 
Melting temperature scrap = 2795° F. 


Heat required to bring to melting temperature 


35000 = 
2,733. X 0.16. =. 15.30 < 10, 
Latent heat of fusion = 72 Btu. 


Total heat of fusion = 35,000 * 72 = 2.52 x 10, 


Heat to raise to temperature of bath = (3080 — 2795) 35,000 


2.00 X 10, 


Total heat in molten slag: 


X 1092 = 0.80 x 10, 


rire heat of steam = 0.42 + 0,00013 & (2800 + 212) = 
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Heat in tapping slag = 11,423 « 1066 = 12.18 x 10, Btu. 
Total heat absorbed = 64.71 X 10, Btu. 


(Continued on Page 71) 
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Spacing of Pipe Supports and Hangers 


By FRANKLIN H. SMITH* 


N designing piping the problem of supporting the 

piping always arises. The problem is to deter- 

mine the proper spacing of the supports or hang- 
ers for any particular size and thickness of pipe under 
the conditions of the installation, as to internal pres- 
sure, weight of contents, etc. None of the handbooks, 
textbooks, catalogs, etc., treat of this important sub- 
ject so far as the writer.is aware. The criterion for 
spacing of hangers or supports is the permissible ten- 
sile stress in the pipe caused by the beam action or the 
vertical reflection of the piping as a measure of stiff- 
ness as a beam. 


(1) From the “Curves showing the tensile stress 
in wall of pipe . . ” (Fig. 1) it is evident 
that a tensile stress as great as 4,000 Ibs. per sq. 
in. is permissible in lap welded steel pipe when used 


FIG. 1 
CURVES SHOWING THE TENSILE STRESS IN WALL ey 
A INT $s eed” 
4 
3 =] 
am Fl Ly) in STEAM cs *]) (4 eal da tae | | 
1220 EO. -P 259-HEINE SAFETY BOILER Co. 


(THESE SPECIFICATIONS IM HEINE ARE PROBABLY 
BASED OM STD. SPECIFICATIONS FOR PowER 
Pine BY THE POWER PiPing SOCIETY) 


for high pressure steam (see curves 2 and 3 for 12-in. 
dia.), from which it seems reasonable to conclude that 
4,000 Ibs. per sq. in. is permissible for less hazardous 


«hd pdt 50000 
uses such as water, oil, air, etc. This gives AO — 


124 as a factor of safety for a maximum fiber stress 
of 50,000 Ibs. for use in Barlow’s formula, p. 224, 1913 
ed., National Tube Company’s Hand Book. 


(2) For butt welded steel pipe the maximum fiber 
*National Tube Company. 


Google 


stress is given in National Tube Company’s Hand 


B . p. 224, i lbs.; 4, 
ook, 1913 ed., p. 224, as 40,000 Ibs 000 x 50000 


= 3200 Ibs. per sq. in. as the permissible stress for 
butt welded steel pipe proportional to 4,000 lbs. per 
sq. in. for lap welded steel pipe, giving also a factor 


of safety of 00 1214 for butt welded steel pipe. 

(3) In spacing pipe supports and hangers the total 
stress due to the internal pressure and bending mo- 
ment should not exceed the permissible stress which 
has been concluded to be 4,000 Ibs. per sq. in for lap 
welded steel pipe and 3,200 lbs. per sq. in for butt 
welded steel pipe. 


(4) The total stress due to internal pressure and 
bending moment is the “resultant” of the stress due 
to the internal pressure and the stress due to the 
bending moment, and is determined as follows: 


R = VP iS 
= resultant of “P” and “S”. 
P = stress due to internal pressure. 
S = stress due to bending moment. 
= VR® — P 


(S) P = tensile stress, lbs. per sq. in., due to the 
internal pressure | 
_- GD 


— 2T 
G = internal pressure, lbs. per sq. in., gauge. 
D = inside dia. of pipe, inches. 
T = thickness of pipe, inches. 


(6) L = distance, inches, between pipe supports 
or pipe hangers. 
/96S 
= — (See note “b,” this item. 


Note—Calculate “L” and check for “d.” If “d” is too 
great, decrease “L"” to make “d” equal to or less than 
~ 360. 


Q = section modulus of the pipe section between 
bottom of perfect thread and inside of pipe. 


(See Note “a,” this item.) 


I 
— ral in which “C” is the distance from the 


neutral axis to the extreme fiber; therefore 
‘“@” may be determined from “I” (see note 
at “I’’) by dividing by the radius of the out- 
side of the section, using the table on p. 424, 
etc., of National Tube Company Hand Book, 
1913 ed., to find “I.” 


S = tensile stress, Ibs. per sq. in., due to bend- 
ing movement. 
WL? 
= 960 (See Note “b,” this item.) 
W = total dead and live load of pipe and contents 
per lin. ft. 


d = deflection in inches (which should not exceed 
1/360 of the span). 
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W,.L? - ie de eae, ae If the installation has also a concentrated load between the 

== FE] (See Note “b,” this item.) pipe hangers or supports, such as a valve or a connecting line, 
then the additional equivalent uniform load will have to be de- 

W, = total load, pounds. termined and added to the actual uniform load for the value 
WL ot “W"; also the deflection caused by the concentrated load 

aes ete will have to be determined for at the concentrated load and 

12 at S center of the span and added to the gene Hon caused 

- ae _ : yy the uniform load at these points. The sum of these two 

E = modulus of elasticity, Ibs. per sq. in. deflections at the center of the span or at the point of con- 


29,000,000 for steel tubing. (See National 
Tube Company Hand Book, 1913 ed., p. 257.) 


I = moment of inertia of pipe section between 
bottom of perfect thread and inside of pipe. 
(See Note “a,” this item.) 

NOTES—“a”—The section modulus and deflection is taken 


of the moments of inertia of two solid bars whose outside 
diameters correspond to the o.d. and id. of the hollow cylin- 


centrated load, whichever is the greater, is the one to be 
used as “d.” 


(7) Example applying the preceding: 


(a) Assume an 8-in. dia. low pressure water line 
(water not over 50 lbs. pressure). The specifications 
(Heine, p. 260) call for pipe weighing 28.55 lbs. per 
lin. ft., of which the wall thickness is 0.322 in., the 


TABLE OF TENSILE STRESS & DEFLECTION FOR STANDARD STEEL PIPE 
FOR VARIOUS SPACINGS OF HANGERS OR SUPPORTS -PIPE FILLED WITH WATER 


SPACING OF SUPPORTS OR HANGERS 


| 8-0" | 10-0" | 12-0" | 14-0" | 16-0" | 18°0" | 20-0" | 22-0” | 240" | 26-0" | 28+0” | 30%0" | 
se, SPAN=2| .266 | .333" | .400° | .466 | 533" | Goo” | .666" | .733" | .800" | .866" | .933" | 1.007 | 
sizefessi s|d|Sild[Siad[s[d{[Slad[Ssl[ad]Sia|Sl[a]S/|d|[Sld|Si[d]|]sld_ 
| % {13 [3807].261 |sesa.csc{asesii.sz] | | CU CE CCE CC 
| I | 133 [3280 |.179 [$125].436]7380| go4¢}ioosa t-e7] =| | | | CT Cf CT CUT Cr] Cr CT CC 
| 14 |.140 [2555] .107 ]3990,.261 |[5745|.542| 7820] |.cofiozzol-7if =| S| S| CT CT CT CT CCC 
| 1% {145 92167]. 079 13385] .192 [4875|.398 |ecas|.737|B6es|1.zefio97a 2.01, | | [| | | YJ | | | | Jf J 
| 2 1.154 | eS 047 {2568 US 196201 209. 5025, .44216560|.754|8305| 1.zI iozsat.se] =| =| |) ot CT CTC 
| 2% |.203 [1438 |.034|2245] 084 405|.323|5750|.550|7280|.882| $9851.34 lioa7s|1.97] =| 7 | | | | | 
| 3 |.2ie [1174 |.023/1835] ose |z640/ 115 [3595 216, {46053-3644 5P45, 5831 724d 889 6880, L-aofresssi-8e4 ___}_{_{ 1 __ 
| 3% |.226 f1008|.017 [1575|.041 [2z70|.086 [3090] .159 [4035 66417625 .972| 9075 1.38 |loe50l1.90) | | | | 
| 4 [.237] 884/.013 [1380] .032, 067 [2710 |.123 [3540|.211 |4480|.337 [5530] .514 | 6690] 783 17960] 1.07 [9345|1.47 llosaoli.ga] |_| 
| 4/2 |.247 | 782|.010 [1220] .0z6 |I760| .053 |7395|.098 2130} 167 s 1591S |.597 [7040] 846 | 8265) 1.17 [9585] 1.57 [11000] 2.07) 
| 6 |.280f Sec]. 885 | .014 .028 |1735|.053 122651.090 280|.32! |5095| 45415975] .675 (6930, .241 |7955/ 1-11 | 
| 8 |.277] 480 |.004 750|.009 | 018 11470|.034 [1920 |.058 [2430] .094 |3000| 143 [3630] .209 [4320] .296 | S070] .407 [5880] 548 | 
| 10 _|.279 1 433 |.003 | 675.006 | 013 |1325|.0z4 [1730] .041 [2190 | 065 | 100 |3270| 146 [3890|.206|4565] .294 5295] .382 | 
| 12 |.330 [338 |.002| 530].004] 760.009 f1035|.o16 |1355|.027 | 1710 |.044 [2115 | .066 [2560] .09 713045) .138 [3575] .190 14145] .255 [4 


Wi? ) 
S = 96d = FIBER STRESS IN LES. PER SQ.IN. AT CENTER OF SPAN 


ds Walk = GREATEST DEFLECTION IN INCHES AT CENTER OF SPAN 
77 


W ® TOTAL DEAD & LIVE LOAD OF PIPE AND CONTENTS PER LIN. FT. 

L. © DISTANCE IN INCHES BETWEEN PIPE SUPPORTS OR HANGERS. 

Q = SECTION MODULUS OF THE PIPE SECTION BETWEEN THE BOTTOM OF THE LAST PERFECT THREAD AND INSIDE OF PIPE 
W22 TOTAL LOAD IN POUNDS FoR LENGTH L. @ a 


E = 29,000,000:MODULUS OF ELASTICITY 
I = MOMENT OF INERTIA OF THE PIPE SECTION BETWEEN THE BOTTOM OF THE LAST PERFECT THREAD AND INSIDE OF PIPE 


NOTE: THE ABOVE TABLE IS CALCULATED FOR STANDARD PIPE -IN CASE OF MORE 
THAN ONE THICKNESS, AS FoR 8' 10° &12° THE THINNEST PIPE WAS USED. 


der; therefore “I” for pipe sections may be determined by 
means of the table on p. 424, etc., of National Tube Company’s 
Hand Book, 1913 ed. 


Note—“a”—The section modulus and deflection is taken 
at and for the bottom of the perfect thread because a pipe 
joint may be located near the point of maximum bending 
moment, that is, near the center between the supports or near 
the supports. Theoretically the pipe joints should be located 
between the supports at the point of contra-flexure or no bend- 
ing moment (see “b”). Also the bottom of the perfect thread 
of screwed pipe is taken, as this is considered to give as small 
a section modulus and deflection as for any other type of joint 
such as riveted flanges, etc., and for the bolted flanged joint. 

“b’—"L” and “S” are for a simple beam supported at the 
ends and uniformly loaded, as this gives a greater bending 
moment and deflection than for a continuous beam and re- 
sults in closer spacing of the pipe supports or hangers. (The 
bending moment and deflection of a continuous beam with 
many supports is dificult of determination.) 


Google 


inside dia. 7.981 in., and the outside dia. 8.625 in. (See 
National Tube Company Hand Book, 1913 ed., p. 22.) 
from which 


GD _ 50 x 7.981 


P= — SO 
2T 2 xX vo22 


= 620 Ibs. per sq. in. 
(See “5”’.) 
S= VR? — P*? = V 4000? — 620? 


= 3950 Ibs. allowable stress due to bending 
moment. (See “1” and “4.”) 


(b) Pipe 2% in, dia. and up has 8 threads per in., 
the depth of which are 0.1 in. (See National Tube 
Company Hand Book, 1913 ed., p. 22 and 209), from 
which 
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[ (8.625 — 2 x 1)*— 7.9814] 
(8.625 — 21) 
(8.4254— 7.9814) 
8.425 
981 ; 


049 [(8.625 — 2 & .1)* — 7.9814] 
049 (8.4254 — 7.981). 
049 « 981 = 48 (See “6”.) 


(c) 8-in. dia. pipe with couplings weighs 25 Ibs. 
per lin. ft. and contains 0.35 cu. ft. per lin. ft. (See 


© = .098 


= .098 


i Ul 


National Tube Company Hand Book, 1913 ed., p. 22 


and 301.) 
Water weighs 62.5 Ibs. per cu ft. 
62.5 & .35 = 22 lbs. per lin. ft. weight of water. 


25 + 22 = 47 Ibs. per lin. ft. total weight of pipe 
and water. 


DESIGN OF SUSPENSION MEMBER FOR PIPE HANGERS 


CASE :3: SUSPENSION MEMBER 9 PANELS | 


D «© A(merecommences vue) 
W ® LOAD ON ONE HANGER 


T © TENSION IN SUSPENSION mM MEMBER AY suPPoRTS (FoR 2 ofS PANELS) 
a WVLi+tD®I- MOTR i- Wit OA CLOSE —— 
Fo® Ad PRACTICAL PUR 
Faun ACCVHRATELY GRAPPHICALLY. 
@ TENSION IM 
t © Tens SUSPENSION MEMBER AT CENTER (fon 3 PANELS 


a We 
D 
sees See aa 
L — vf 20P2 _ 96 & 38950 x 11.4 
W 47 
= 303 in. = 25 ft. 3 in., sav 25 ft. O in. max. 
spacing of supports or hangers. (See "6".) 
303 
rina 95 allowable deflection. (See “6".) 
Wale 47 & 24 & 3033 


~ F7ET ~ 77 x 29,000,000 x 48 
— 47 X& 24 X& 27,820,000 


77% 29,000,000 x 48 
= .29in. This is less than the allowable deflec- 


Google 
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tion so that pipe supports or hangers spaced 25 ft. 
c.c. are satisfactory for this installation. 


(d) If this pipe were under 100 Ibs. pressure 
P = 1240 


= 3800 
96SQ 96 & 3800 & 11.4 
ae —— = SEEN fa A USA EROETS EO 
v \W Vv 47 
= 297 in. = 24 ft. 9 in., say 25 ft. O in., same as 


for 50 lbs. water pressure. 


DESIGN OF CATENARY SUPPORTS FOR PIPING ETC. 


THE FOLLOWING 'S BASED UPON THE ASSUMPTION THAT YNHE CURVE MACE By THE SUSPENSION 
MEMBER 1S APARABOLA, THIS ISNOT STRICTLY CORRECT AS THE ACTUAL CURVE OF THE 
SUSPENSION MEMBER LIES BETWEEN A PARABOLA 40D A CATEMARY: FOR MAKING THE DRAWING 
AAO FOR ESTIMATING PURPOSES THE SUSPENSION MEMBER MAY BE DRAW fld CONSIDERED 
AS THE ARC OF A CIRCLE, SIFICE THE ACTUAL CURVE OF THE SUSPENSION MEMBER ComncDEs 
_ VERY NEARLY WITH AW ARC OF A CIRCLE WHEN Dis & om Less(an> THE MORE So AS 
D Becomes Less THA 

NOTE:- 1F E-F 15 HOT HORIZONTAL THE ANGLE A 15 To Be MEASURED PROM A HORIZONTAL 
LINE DRAW FOR THE PURPOSE AT EACH POINT OF SUSPENSION, AS THE TWO ANGLES IN 
TWAT CASE WILL BE UMEQUAL. 


—— -- —— - + ~~ 8 

“C18 Om AA TREME END PANEL ONLY IM Lowy 

ae ALL CABES - IT 16 OF TER ei20 BRO B FoR EX- 
‘ e Reems a a eee ies R00 

g(t ney 


WN NUMBER OF PRYELS For CEXTAR 
Lie LamQ TH OF ONE ORNEL 


CASE 4 — MULTIPLE PANELS (4oR more). 


O= 2. CHE RE COMMENDEO VALWE) 
P = TOTAL LENGTH OF SUSPENSION MEMBER ALONE CURVE 
=2V +e" + (¢)" ee 
i te mY ne; IN_ SUSPENSION ME ay aaa 
"> x Corer ma, wae L. ey = 


a <-e 
& = TENSION IN SUSPENSION MEMBER AT CENTER 
xk = 


wie Penny LrunAeS 
2c Gi © AUTRE cay, 
W = TOTAL DEAD E Live LOAD CARRIED BY SUSPENSION Mem@ER (Pres CAQCEATS, 
GUS PENOE.R ROOS ¥ SUSPEFS On Meee) 


GB = LENGTH OF SUSPENDER Rob AT ANY POINT LOCATED AT A DISTANCE 
“NL PROM THE CENTER. 
= 6+H 
He 40 


TWO ROTACENT 
Ler K = LENGTH OF SUSPENSION MEMBER BETWEENASUSPENDER ROOS 


=V/Li+y2 (see P) 


Ss DIFCerENCE IN LENGTH (FB) BETWEEN TWe eer 
SU & PENDER ROOS. 


Pe TcosA 


NeTsinA 


END SUPPORTS 


ie ADDITION To THE LOAD 'N On END SUPPORT, THERE (S THE EXO PANEL REACTION 


FROM PIPING, ALSO IN CASE OF MORE THAN OWE CATENARY BENT, THE VERTICAL LOAD 
WILL BE INCREASES AND THE FORCE cz MEUTRALIZED, In CASE OF CHANGE OF 


DIRECTION OF THE CONSTRUCTION, THE TURNING END SUPPORT AT CHANGE OF 
DIRECTION WILL REQUIRE A DESIEN To MEET THE ConoiTion, 


(8) A short practical method of determining the 
spacing of pipe supports or hangers, for piping 12 in. 
dia. or less, is to 

(a) Calculate “P” (item “5”). . 

(b) Calculate “S” (item “4"). 

(c) Refer to “Table of Tensile Stress and Deflec- 
tions for Standard Pipe” (other than X Heavy and 
AX HIeavy pipe installations), then to size of pipe 
under consideration and find span corresponding to 


(Concluded on Page 85) 
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Fluorspar: Its Occurrence and Production 


History and Geology of This Element Essential to 
Open Hearth Practice 


By A. M. MICHELL* 


LUORSPAR, a comparatively unknown non- 

metallic mineral, is an essential in the manufacture 

of open hearth steel, and hence of considerable in- 
terest to the steel industry. This mineral is also used 
to a smaller extent in other industries. 


Fluorite, to use its chemical name, has the composi- 
tion denoted by the formula CaF,. It is a crystalline, 
glassy mineral, having a specific gravity of 3.2 anda 
melting point of 1650 deg. F. While usually colorless, 
it may at times be found in several different hues; the 
color has a little significance chemically. , 


In the United States, fluorspar has been found in 
Arizona, Colorado, Illinois, Kentucky, New Hamp- 
shire, New Mexico, Tennessee and Utah. However, 
the states of Illinois and Kentucky produce practically 
all of the domestic fluorspar, the production being 
about two-thirds in the former state and one-third in 


the latter. This production is obtained from a region 


less than 20 miles square, lying along the Ohio River. 
Recently reported discoveries of fluorspar in the Rocky 
Mountain States have proven to be of little value, as 
they are of low grade and the freight rates to any con- 
suming center prohibitive. 


In England fluorspar is found rather widely dis- 
tributed throughout Durham and Derbyshire. It 
usually occurs as a gangue with lead and zinc ores. 
For many years the fluorspar was discarded, but the 
active demand which started about 1890 caused these 
dumps to be reclaimed. Most of this material was 
shipped to the United States, and in 1910 the imports 
of English fluorspar almost equalled domestic produc- 
tion. At present English fluorspar is being mined and 


*Marion, Ky. 
Photos by courtesy of E. C. Clark, Superintendent, Rosi- 
clare Lead & Fluorspar Company. 


ANE LEAD AND PLUORSPAR MINING COMPANY 


sold in the Atlantic seaboard steel producing centers 
at a price to compete with the home product in spite 
of a duty of $5.60 per ton. 

A few deposits are known in Canada, notably near 
Trail, British Columbia. This deposit supplies most 
of the demand on the Pacific Coast. 

Germany has supplied high grade fluorspar for a 
long period, and also mines a considerable quantity of 
gravel fluorspar for steel making. Mexico has sev- 
eral known deposits of fluorspar, but only one commer- 
cial operation, this being in San Louis Potosi. During 
a scarcity several years ago some imports were made 
from Africa, but the price was high and quality not 
very good. . 

At first the fluorspar was all shipped as lump or 
gravel without washing; in 1894 the first washed spar 
was produced. Since that time production has in- 
creased with more or less regularity, depending largely 
on the production of open hearth steel ingots and for- 
eign competition. 

In steel making, the specifications call for a mate- 
rial which will pass through a 34-inch ring, contain 85 
per cent and over of calcium fluorite, 5 per cent or less 
of silica, and be free from objectionable sulphides, lead 
and zinc. These limits are pretty closely adhered to, 
especially during the last several years. 

The action of fluorspar in the basic open hearth 
process is fairly well understood. It renders the slag 
more fluid, thus making its action more effective in re- 
ducing the phosphorous. Recent German investiga- 
tions also tend to show that fluorite causes a marked 
decrease in the sulphur content. 

Mining in the Kentucky-Illinois fluorspar field was 
first started in 1835, when a company headed by An- 
drew Jackson sunk a shaft near Marion, Ky., in search 


’ 
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Surface plant of the Rosiclare Lead and Fluorspar Mining Company, the largest producer in the district. The head frame, mill, 
power plant and storage bin may be seen. 
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1—Hand tramming the fluorspar on one of the levels. These cars are hoisted to the surface in cages, and there dumped. 2— 
Scene in top of stope. The men stand. on broken fluorspar and drill holes in the vertical vein, which is then shot down. Just 
enough fluorshap is withdrawn from time to time to give the men room to work. By this’ method the fluorspar between 
levels, often one hundred fect apart, is stoped out. Chutes with gates are provided at the bottom for withdrawing the broken 
ore. 3—Head frame and hoist house for the men and material shaft. No men or mine supplies may be carried down the 


main shaft. 4—Large steam hoist used for hoisting the ore. 


Conical drums are used, as may be seen in the illustration. 


5—Motor driven pump, used to keep the mine free from water. This pump is installed in a room cut from the rock near the 


foot of the shaft. 


of lead. About 1850 the impression prevailed that the 
lead ores of the district contained considerable silver, 
and this occasioned activity. The first flourspar was 
shipped early in 1870, the mineral being hauled to the 
Ohio River and loaded in boats. Production continued 
intermittently for a long period, being about equally di- 
vided between Illinois and Kentucky. 


In addition to steel making, fluorspar is used in the 
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glass, ceramic and enameling industries. It is essential 
to the present method of producing aluminum, and is 
also used in the electrolytic production of lead and 
antimony. In foundries it is used to produce a more 
liquid metal and greater freedom from. slag, hence 
cleaner castings. It is also used in the manufacture of 
carbide, in the manufacture of Portland cement, and in 
the production of hydrofluoric acid and sodium fluor- 
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ide. For the latter use, an almost pure fluorspar is 
required; this is known as acid spar and commands a 
considerable premium over the commercial grade. 


Sodium fluoride has lately been recognized as a very 
efficient wood preserver, and its use for this purpose is 
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A section of the mill, showing several sets of Harz type jigs in 
operation. Fluorspar, having a higher specific gravity than 
the rock which accompanies it, sinks to the bottom of the 
jig and is drawn off as a hutch product, together with a small 
amount of lead ore which accompanies the fluorspar in the 
ee The lead is later separated from the fluorspar on 
tables. 


- expected to increase rapidly. It is said to be superior 
to either coal tar, creosote or zinc chloride. 


Geological Features. 


The accompanying map shows the location of the 
Kentucky-Illinois fluorspar district. A detailed study 
of the region has been made by the United States and 
State Geological Surveys. The rock formation consists 


An underground blacksmith shop. Here the large amount of 
drill steel required for drilling the ore and rock ts sharpened, 
and minor repairs to underground equipment made. 


mainly of massive limestone and sandstone beds of 
Mississippian age. To the north, east and west these 
beds dip under coal formations of the Pennsylvanian 
age, while underneath the field, at a depth of about 
1,000 feet, are found shales of the Devonian age. 


oiatizes y GOO 


January, 1924 


The geology of the region is quite interesting. The 
occurrence of these mineral deposits in a region latgely 
surrounded by coal deposits is explained by the fact 
that the rock beds have here been bowed up to form 
an immense dome. This movement was followed by 
the intrusion of igneous dikes and further rock move- 
ment, causing much faulting and differential setting of 
large blocks. The resulting fissures which were 
formed furnished convenient channels for ore bearing 
solutions from below and these openings were filled 
with vein forming material. Where conditions were 
favorable, fluorspar is deposited along with minor 
amounts of lead and zinc sulphides and a considerable 
amount of calcite gangue. Some fissures were entirely 
filled with barite, others with calcite. The theory of 
the formation is that calcite was first deposited in the 
fissues, in many cases to be later dissolved and re- 
placed by fluorite. , 


The accepted extent of this area is about 20 miles 
north and south and about 15 miles east and west. As 
might be expected, there is a considerable number of 
veins, many of which are of minor importance, little 


Picking belt and crusher. The large pieces of rock are removed 
before the ore enters the mill. From the picking belt the 
ore goes to the gyratory breaker, which reduces tt to uniform 
size. 


or no fluorspar having been found in them. : The largest 
vein, which was also the first one worked, is known 
as the Rosiclare, and lies in Illinois. This vein, nearly 
vertical, is 6 to 20 feet in width, with an average width 
of about 7 feet, and has been traced underground for 
nearly three miles. It is now being worked at a depth 
of 630 feet. Several subsidiary veins are also worked. 
The Rosiclare vein has been the principal producer 
since the field was opened, and furnishes the entire 
Illinois output. 


Another deposit is also worked in Illinois, which is 
chiefly interesting in that the ore lies in a horizontal 
position, mineral bearing solutions having replaced a 
bed of limestone. 


In the Kentucky field none of the veins have been 
developed on the scale found on the Rosiclare vein. 
Some six main veins are being worked at present. Be- 
fore the war the low price of fluorspar discouraged any 
attempt to work the deposits at depth, and at most of 
the workings the limit of depth was 200 feet. In the 
last few months, however, diamond drilling on several 
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properties indicates that the veins on the Kentucky 
side contain good spar at greater depths. 


Mining Methods. 


The equipment used at most of the fluorspar opera- 
tions is simple, and in most cases crude. Three large 
mines in Illinois have complete plants, and several well 
equipped mining plants are under construction or 
completed in Kentucky. The usual method of win- 
ning the ore consists of driving vertical shafts, usually 
in the country rock near the vein, running cross cuts 
and levels in the vein at intervals of 50 to 75 feet. The 


The power house, showing uniflow engine driving generators. A 
considerable amount of electric power is required for the 
varied operations at the mine. 


intervening ore is then stoped out, either by a filled 
stope system, or where the rock walls are not good, by 
the use of square sets. 

The milling equipment is also fairly simple, and 
consists of crushers, jigs, lead tables and screening 
equipment. Jigs of the Harz type are usually used. 


Production and Imports. 


The earliest record of production of fluorspar in 
the United States is in 1883. Since that time the pro- 
duction has been as follows: 


LESS S chess us SR aRiee hs ee 4,000 tons 
DROS sinks toe Foal Raabe pete RE i2250° “ 
TOO cst Sa Dialase sé pata Aaa OR 18,450 “ 
BO Dass a Ae Wd a a Ee 57.58: <* 
TOIG sas cals Cate ere eae eee 69,247 “ 
FOES. 00st ehackange aweaws wate 136,391 “ 
Lb See ye ee ee ee ee ee 263,817 “ 
| 1 74 | [RR ee eRe Se eee ae 186,770 “ 


Shipments decreased largely in 1921, due to the de- 
pression in the steel business and large stocks on hand. 

English production is said to average about 50,000 
tons per year, of which a considerable portion is ship- 
ped to this country. German production is small. 


The curve of production corresponds closely to that 
of steel ingot production as shown in the accompany- 
ing figure. 

Present Situation. 

The low prices for fluorspar which prevailed before 
the war are undoubtedly a thing of the past. Imports 
from the waste dumps of England, low production 
costs and the robbing of shallow deposits, all combined 
to keep the price at a low level. The present tariff of 
$5.60 a ton, combined with increased freight rates and 
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mining costs, have brought the price of English fluor- 
spar to a higher level. It is hard to estimate the cost of 
producing domestic fluorspar, but a price below $16.00 
per ton would cause many producers to cease opera- 
tions, and the price canot go much below this figure. 
The prospect for new supplies of fluorspar is remote. 
During the war period the insistent demand for fluor- 
spar caused prices of $35.00 to $50.00 per ton, and justi- 
fied extreme activity. Yet not a new deposit of any 
consequence was found, the increased supply coming 
from old dumps and the exhaustion of existing re- 
serves. Limited reserves and increasing demand and 
price have caused a number of steel producers to enter 
the field. The largest steel company in the country re- 
cently took over practically all the prospects in one of 
the best Kentucky districts, and other companies have 
either secured property, or are negotiating for some. 
It is regarded as only a matter of time until the small 
producer will be eliminated, all the property being held 
by the consumers or large producing companies. 


DEVELOPMENTS IN ELECTRICAL INDUSTRY 
(Continued from Page 28) 


wave flows through one meter and the other one-half 
wave flows through the other meter. In this way the 
current supplied to each conductor is measured 
separately. : 


Electrically Operated Flow Meters. 


A type of electrically operated flow meter with 
many new characteristics was developed for accu- 
rately measuring the total flow of steam, water, gas, 
oil, etc., through pipes and so furnishing information 
of great value in the economical management of any 
manufacturing industry or central station. It does 
not supersede the mechanically operated flow meter, 
but is simply an addition to existing types. 

Due to the electrical principle of operation, the 
indicating curve drawing and disintegrating instru- 
ments can be located at any distance away from the 
pipe where the flow is being metered and the instru- 
ments can be either separated, grouped or duplicated. 


Carrier Current. 


The carrier current system of telephony, which 
effects communication by means of nigh frequency 
currents superimposed on the power conductors of 
transmission lines, was applied over greater distances 
than heretofore by the prdouction of a 250-watt trans- 
mitter and receiving equipment. The iating of the 
previous outfit was 50 watts and its naxiinum range 
in an actual installation was 88 miles. 


With the larger equipment service is now being 
maintained over distances up to 116 miles, with appa- 
ratus under construction for communication over 138 
miles. The progress already made in this new method 
of telephoning is indicated by the fact that it has 
already been adopted for 70 transmission lines with 
an aggregate length of over 2,000 miles. 


Switching Apparatus. 

The developments in switching apparatus con- 
sisted largely in the improvement of existing designs 
rather than in bringing out strictly new types of ap- 
paratus. Both horizontal and verticai isolated phase 
arrangements were worked out in detail for several 
important installations and the application of Dreak- 
ers to removable trucks was extened to include motor 
operated breakers with separating chambers. 
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Gas Producer Practice’ 


By WALDEMAR DYRSSEN} 


O much has been written about gas producers, and 
S sO many investigations made in the principal steel 
manufacturing countries of the world, that it 
would seem that the.gasification of coal would be fully 
understood and that it would be a difficult task to 
bring up any new points of scientific and practical im- 
portance. However, in studying gas producer litera- 
ture published during the last 20 years, one cannot 
help discovering that the data given are unsatisfactory 
in many respects, especially in regard to theory. 


Laboratory Experiments. 


The now classic experiments by Boudouard, re- 
garding the balance of the system C, CO and CO.,, 
and by Harris ond others, regarding the system C, 
H,O, H. CO and CO., cannot be directly apphed in 
gas producer practice. This has been pointed out 
many times, for instance by Clements, Adams and 
Haskinsf, who conducted a series of laboratory ex- 
periments with CO, and H,O in contact with various 
kinds of -C at various temperatures, velocities and 
times of contact. They found that, when time of con- 
tact was reduced to two or three seconds, only a very 
small portion of CO, or H,O were decomposed at 
1700 deg. to 1900 deg. F. At these temperatures, prac- 
tically complete decomposition would have been ob- 
tained at equilibrium or at long time of contact. They 
found also that C as coke or anthracite reacted very 
much more slowly than C as charcoal. 


These investigators came to the result that a min- 
imum temperature of 2372 deg. F. (1300 deg. C.) 
would be required in gas producers for producing low 
CO. gas from air, and a temperature of 2557 deg. F. 
(1400 deg. C.) for decomposing H,O fairly completely 
at a gas velocity of one foot per second. We know 
that such high temperatures do not exist in ordinary 
gas producer practice, because practically all ashes 
from ordinary producer coal fuse at a considerable 
lower temperature. Actual measurements have shown 
that the maximum temperature anywhere in the fuel 


bed does not exceed 2200 deg. F. in ordinary producers. 


blown by air and steam. Moreover, the velocities in 
ordinary producer practice are very much higher than 
the highest velocity employed in the laboratory tests. 


The gas produced per pound of C gasified by blast 
in a producer is about 90 to 95 cubic feet at standard 
condition, at a gasification temperature of 2000 deg. 
and 1800 deg. F. respectively (see Fig. 8), or about 
425 cubic feet at these temperatures. Assuming that, 
in the case of ordinary coal, 60 per cent is C gasified 
by blast, and that the gasification zone is one foot 
deep and that the voids in the bed constitute 25 per 
cent of the total volume, the following velocities and 
time of contact can be calculated. The time of con- 
tact is, therefore, only a fraction of a second in ordi- 
nary gas producers in practice. 


*Read before the American Tron and Steel Institute, at New 
York, May 25, 1923. 


FUnited States Steel Corporation, New York, N. Y. 


fBulletin No. 7, Bureau of Mines, Essential Factors in the 
Formation of Producer Gas, 1911. 
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TABLE I—GAS VELOCITIES AND TIME OF CONTACT 
BETWEEN GAS AND COAL IN THE GASIFICA- 
TION ZONE FOR LOW AND HIGH RATE 
OF GASIFICATION. 


Coal gasified per hour per square foot 
in producer ............-.0 cece eee eee 20 Ibs. 50 Ibs. 


Velocity of gas per second............. 5.7 ft. 14.2 ft. 
Time of contact between gas and coal.. .176 sec. .07 sec. 


It follows that such tests as these cannot be ap- 
plied to gas producers any more than the classic equi- 
librium tests. A few considerations of the conditions 
in the laboratory experiments will readily explain this. 
The center of the tube, which was electrically heated 
from the outside, was filled with carbon and a thermo- 
couple was imbedded in the carbon close to the tube. 
Pure CO, and H,O were employed. In decomposing 
these gases with C a great quantity of heat is re- 
quired, even if the gas were heated up to the tem- 
perature of the fuel before coming in contact there- 
with. This heat must be supplied by conduction 
through the tube walls and through pieces of carbon 
to reach into the center of the tube. At a very low 
velocity this heat can be supplied without appreciably 
lowering the temperature, but when the velocity 1s 
increased, the temperature of the surface of the pieces 
of carbon or the reacting molecules of C is lowered 
an unknown amount below the recorded temperature. 
In a producer, the conditions are entirely different. 
There, each reacting molecule of C is automatically 
maintained at a constant temperature, because the 
heat required to decompose a molecule of CO, or 
H,O is supplied by a nearby molecule of O, oxidizing 
C to CO, or CO. Laboratory experiments in order 
to be of any value must, therefore, be conducted on the 
same principle; that is, CO, and H,.O must be mixed 
with a certain amount of O, with or without N, and 
forced through a carbon bed at different velocities. 
and the resulting temperature and gas composition 
determined. For eich constant blast mixture, there 
will be a certain temperature and composition of gas. 
correspondine to a certain velocity. By a series of 
experiments with various blast mixtures, a complete 
balance diagram can be obtained for various velocities. 


Heat and Chemical Balance in Producers. 


In the absence of such experiments, the only meth- 
od at present available to determine the balance in 
ordinary gas producers is to draw conclusions from 
actual tests on producers or from actual practice. The 
tests which show the best gasification results give, of 
course, the best information. It can be assumed that 
the fuel bed in these tests was more even in tempera- 
ture, freer from blowholes and otherwise more unt- 
form, that is, in regard to the size of the cake or the 
coked coal and the percentage of voids in the dif- 
ferent parts of the fuel bed, with more uniform distri- 
bution of blast and more uniform velocities. How- 
ever, by carefully sifting data from other tests, much 
valuable information can also be obtained. The bal- 
ances that exist in a producer are represented in Figs. 
l and 2. They have been derived by considering a 
great many gasification tests of various bituminous 
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coals and coke. The equilibrium balances are also 
shown in dotted lines. These represent the average 
results from the investigations mentioned above, and 
from others (Naumann and Ernst). 


The method of representing the balance is some- 
what novel. Instead of the usual method of represent- 
ing the gas in volumes or percentages of volume, the 
resulting gas is given in per cent by weight. This is 
more practical for the purposes served by these bal- 
ances in this paper. 


_In Fig. 1 is shown the composition of the gas ob- 
tained from CO, or O, in contact with C at various 
temperatures. At equilibrium the gas contains practi- 
cally only CO at 1800 deg. F.; while in gas producers 
the temperature would have to be about 2400 deg. 
F. for the same result. At equilibrium the gas con- 
tains, for example, 20 per cent CO, at 1600 deg. F., 
while in producers the temperature must be about 
1900 deg. F. for the same result. If air is used, the 
gas also contains N, but the relation CO, to CO re- 
mains the same. 


The gas from H,O and C is shown in Fig. 2. The | 


gas is more complex, as it consists of four items. At 
equilibrium the decomposition of H,O is complete at 
about 2100 deg. F.; in the gas producer the tempera- 
ture would have to be about 2600 deg. F. At equi- 
librium the gas contains, for example, 40 per cent 
H.O at 1600 deg. F., while in producers the tempera- 
ture would have to be about 1860 deg. F. for the same 
result. The proportion of CO, to CO is the same as 
in Fig. 1. The CO, increases up to a certain tempera- 
ture, but decreases at a further increase in tempera- 
ture. The amount of H by weight in the gas is small 
and cannot accurately be read direct in the diagram, 
but can be easily calculated from the oxygen in CoO, 
and CO, or per cent H = 


727 X per cent CO, + .571 & per cent CO 


The gas producer balance, as shown, would theo- 
retically shift somewhat with the rate of driving the 
producer. At the lower rate the balance would shift 
towards equilibrium and vice-versa. However, the 
shift seems to be very small for rates from 20 to 50 
pounds of coal gasified per square foot per hour. At 
a very high rate or a very slow rate, other conditions 
set in, which influence the gasification more. 


It is evident from such balances as are shown 
in Figs. 1 and 2 that it is possible to establish heat 
and chemical balances for C gasified by any gas, 
whether air, waste gases, combustible gases, HO or 
any combination of gases at whatever temperature 
these may enter the gasification zone. The total heat 
input should equal the total heat output at balanced 
temperature conditions in the gasification zone. If 
such a heat balance shows excess or deficiency of heat, 
the gasification temperature will adjust itself until 
balance is reached. The heat input consists of the 
followin~ items: sensible heat in C and ash which ar- 
rive in the gasification zone preheated to the gasifica- 
tion temperature by the escaping gas; calorific heat in 
C gasified; and sensible (and calorific heat) in the gas 
used for vasification. The heat output consists of 
sensible heat in the gases escaping from the gasifica- 
tion zone at gasification temperature and calorific heat 
in these gases. With only dry air used for gasification 
it will be found that theoretically a great surplus of 
heat is created at low temperatures of gasification. 
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The surplus heat decreases with higher temperature 
until a temperature above 3000 deg. F. is reached. 
With preheated air the surplus will be greater. With 
H,O used for gasification there will be a large defic- 
iency of heat, which also decreases with increasing 
temperatures of gasification. With preheated H,O 
the deficiency is less. With waste gases containing 
CO,, N and often H,O, the deficiency of heat is also 
large. 

From the balance established one can derive prac- 
tically everything in connection with the gasification 
of coal; and it will be established that ideal actual 
practice compares very closely to conclusions that can 
be drawn from this balance. 


A few of the consequences that follow from a cer- 
tain gasification temperature are: 


In Gasification of C by Air: 


1. Proportion of CO; to CO in gas. a 

2. Proportion of C oxidized to COs and C oxidized to CO. 

3. Oxygen and air required per pound of C gasified. 

4. Proportion of N in gas. 

5. Total gas obtained per pound of C gasified. 

6. Heat generated per pound of C by oxidation of C to 

7. Sensible heat in gas leaving gasification zone per pound 
of C gasified. ; ; 

8. Complete heat balance of gasification, including heat 
per pound of C transferred into calorific heat in gas. 

9. Surplus heat generated per pound of C gasified with 
due consideration for sensible heat in C, ash and in air, if 
preheated. 


In Gasification of C by Steam: 
10. Composition of gas. 
11. Proportion of C oxidized to COs and C oxidized 


to CO. 
12. HsO decomposed and Hs obtained per pound of C 


gasified. 

13. Total H:O used per pound of C gasified. 

14. Percentage of total H:0 decomposed. 

15. Total gas obtained per pound of C gasified. 

16. Heat generated by oxidation of C to COs and CO, 
ae heat consumed by decomposing H:O per pound of C gasi- 

ed. 

17. Sensible heat in gas per pound of C gasified. 

18. Complete heat balance of gasification, including heat 
per pound of C transferred into calorific heat in gas. 

19. Deficiency of heat per pound of C gasified with due 
consideration for sensible heat in C, ash and H:O used. 

20. From the surplus heat available in gasification by air 
and from the heat required in gasification by HsO can be 
calculated the percentage of C gasified by air, and that gasi- 

- fied by steam for obtaining constant temperature in the gasi- 
fication zone. 


From this follows further, when gasifying C by 
air and H,O at balanced temperatures in the fuel bed: 

_ 21. Heat in’ C transferred into calorific heat in total 
gas from air and ; 

22. Composition of total gas. 

23. Analysis of dry gas by volume. 

24. Air and H;:O used per pound of C gasified, H;O per 
pound of air in blast and corresponding saturation tempera- 


ture of blast. 
25. Efficiency of combustion of gas per pound of C gasi- 


fied. 
26. Temperature of gas after passing through distillation 


zone in gasifying various coals. 

This is an imposing list of conclusions that can 
be drawn from the curves in Figs. 1 and 2 by simply 
applying well-known recognized methods based on 
chemical reactions, heat of formations and sensible 
heat. 

Before entering upon the detailed calculations of 
the items as outlined above, a definition will be given 
below of the expression and terms used. 


Gasification zone is the zone where the pure C, 
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TABLE II-PROPERTIES OF COMBUSTIBLES AND GASES 


Btu. per Weight per Pounds Btu. per Specific heats per Pound 
Cubic Foot Cu. Ft. at 62° of C per pound between 62 Deg. F. 
Gross Net F., 30” Hg. 100 Cubic Feet Gross Net and t deg. F. 
Cto CoO... peas Pe ne Coo. en ore 4320 Q320° #e¢betascnnees 
Cto CO, .. Sods Sites «athe, .. oka 14544* 4544" ——C—”“‘id#s Seep ueeacests 
CO. te scece: 323.2 323.2 .07375* 03161 4382 4382 24 +.0000119t 
On 2 ae ereeer 1591.3 1491.0* .07386* 06331 21545 20186 38 +.000137t 
CHa. eeacess 1012.5 912.0* .04228* 03171 23948 21571 55 +.000176t 
TA secncsteneryeuen 329.1 278.5 005302 8 ~=— a... 62028* 52518* 3.40 -+.00017t 
| eee SO/0ZG" eae 22 ees” ia 233+ .000015t 
COs scaxeeis .11660* SOSISO. aes 0 dle 19 +.00006t 
Oe sontadsak SOS4S0"% sk 0 tw C(t jw 21 +.0000104t 
IN} ge eteudes WOTS7T" twats amet ate 24 +.0000119t 
Oe cemecwes 04745*  ——... 1056.7** = itia 42 +.000103t 


es ES eee 

Values marked (*) are United States Steel Corporation Standard. The gross and net values per cubic foot of H and gross values 
per cubic foot for C2H, and CH, follow from the (*) values and differ slightly from the standard values, which are for these gases 
328, 278, 1591 and 1012, respectively. The values for C and CO are closer to the latest accepted values than the United States Steel 
Corporation Standard of 324 Btu. per cubic foot of CO. tLatent heat. 


derived from the coal, is converted into gases by air, 
H.O or other gases supplied from an outside source. 


Distillation zone is the zone where the moisture 


TABLE IHI—CHEMICAL BALANCE IN GASIFICATION 
OF C BY DRY AIR AT VARIOUS TEMPERATURES 
OF GASIFICATION, PROPORTION OF CO, 


and volatile matters in the natural coal are distilled AND CO IN GAS FROM FIG. I. 


off as ease leaving C and ashes. Gasification temperature in Deg. F. 
Gasification efficiency is the heat that is transferred 1600° 1800° 2000°  2200° 
into calorific heat in the gas, obtained from the gasi- Se ee ee ee 


fication of one pound of pure C, divided by the calo- From Diagram, Fig. 1: 


rific heat in one pound of C (14,544 Btu.). The gasi- COs in gas............ 62.0 340 15.0 6.0 
fication efficiency is not the producer efficiency, nor CO in gas...........-. ey si 85.0 ay 
: any one taken therein of the volatile matters in Total (per cent).... 100.0 100.0 100.0 100.0 
the coals. 
: : ; : Pound Ib. C gasified : : 
Combustion efficiency is the heat that is released cos. ae ais 1.866 908 370 143 
by the combustion under certain assumed conditions CO ...... cece cence. 1.146 1.758 2.098 2.242 
of the gas obtained from the gasification of one pound N. esas suerenmier se 6.698 5.537 4.882 4.615 
of pure C, divided by the calorific heat in one pound —— EN — — 
of C. This efficiency is not based on the calorific — eee ene sues Ae se oe ee 
heat in the gas itself, but is the ultimate expression of yt a nr Ee a 8710 7 200 6.350 6.000 
the efficiency of gasification, as the aim thereof is to C oxidized to CO:.... .509 .247 101 039 
C oxidized to CO...... 491 753 899 .961 


release as much as possible of the heat in the C gasi- 
fied at the place where the gas is burned. Distillation 
gases from the coal are not considered in this eff- 
ciency. 

These two efficiencies form a basis for estimating 
accurately the influence of (1) various temperatures 
of gasification (2) various gases that can be used for 
gasifying C; (3) various temperatures of the blast. Gucihcation semperatuce i Deas E 


In Table 2 are given the values used in the calcula- 1600° 1800° 2000°  2200° 
tions. Gross heat values are also given for complete- Se ee 
ness. United States Steel Corporation Standards have 


TABLE IV—CHEMICAL BALANCE IN GASIFICATION 
OF C BY H:0 AT VARIOUS TEMPERATURES OF 
GASIFICATION, PROPORTION OF CO;, CO, 

H AND HO IN GAS FROM FIG. II. — 


From Diagram, Fig. II: 


been used in this table as extensively as possible. Spe- ey Bases et ner e oes “ar a ae Zo 
cific heats of gases are from Richards and LeChatelier. Hi a a ensance 2's 3.9 52 6.05 
In all calculations, net heat values for H, and H.O in gas............ 67.5 46.1 24.8 10.65 
gases containing H, have been used throughout. It 1s ee — een ——— 
believed that a comparison between combustible gases Total (percents ANNO 100 ee, ee 
on a gross basis is not possible, or at least extremely Pounds per Ib. gasified: 
complicated. It is only the heat that the furnace can COR Hee hclivawe census 1.866 905 370 143 
possibly utilize that can form a basis for a comparison og eet e eee e nent eres ‘oe pat Sit mer 
between, for example, gas witha high CO andlow H —_pyQ ; 173 
; le .@ Repaaners Saar ee eee 6.793 2.460 876 305 
content and a gas with low CO and high H content. 3 mus soe paid 
This is realized by authorities in all countries, for in- Total gas: scsccetess 10.057 5.331 3.527 2.863 
stance, by our and Wheeler in their valuable gas O from H:O to CO; 
producer paper*, wherein they point out that both gas 4d CO 2012 1.663 1.468 138 
hould be calculated on the net basis. iG dncoiaboced 7 men 
and coal shou asis. H:O decomposed ..... 2.264 1.871 1.651 1.558 
a . Total H:O used..... 9.057 4331 2527 1.63 
_ An Investigation on the Use of Steam in Gas Producer Prac- Per cent of Total H:O : 
tice, The Journal of the Iron and Steel Institute, Vol. LX XIII, decomposed ......... 25.1 43.2 65.3 83.6 


1907. 
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For convenient use, a few points on the curves 
with the principal items calculated in the temperature 
range most common in gas producers are given in 


Tables III and IV. 


The detailed calculation of heat balances, etc., 
will not be given here for all the temperatures given 
above. However, for the benefit of those especially 
interested one case is given in Table V. The gasifica- 
tion temperature selected is 2000 deg. F. 
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Items 17 and 19 (see Table VI) are heat deficien- 
cies with H,O vapor at 62 deg. and 562 deg. F. re- 
spectively. These items for the various temperatures 
of gasification are represented in Fig. 4. The efh- 
ciency of gasification is 129.3 per cent, that is, more 
heat has been stored up in the gas than contained in 
C, and part of the heat which must be obtained else- 
where is used for that purpose. 


A balanced condition in the fuel bed can be cal- 


TABLE V —HEAT BALANCE OF THE GASIFICATION OF C AT 2000° F. BY DRY AIR (POUNDS OF MATERIAL 
FROM TABLE No. III. 


Btu. Tempera- 
Item Pounds per tureabove Specific Total 
pound 62° heat Btu. 
Heat available per pound of C gasified: . 
C- Oxidized 10 °CO ssc foe ecge sta gabe deat ae Miwa v 101 14544 ~— 1468.9 
C oxidized (OU CO cosict a ig aa eRe he dd be SEG HO KEG R Ee a .899 4320 ~—aa. 3883.7 
Total heat from oxidizing C........ cece eee eee eee eee 1 rT 5352.6 
Sensible heat’ in Ce aisai-24. end sande cx de Cag enacouutenies eos 7 1.000 Sines 1938° 35 678.3 
Ash with this C, average... 0.0.0... ccc cece e cece eee eeceees 150 eieg 1938° .30* 87.2 
Total sénsible: Heat vee ox se sade da 4 hs eee dass babe eee ees 2 rere 1938° sa4 765.5 
‘Total heat“ availabl@cicak eee xa 8 o0sd ead ec eas ea aban eee OS: -  owdeet sie yeatees 6118.1 
Heat absorbed as sensible heat in gas 
COE. Sedehusards Shae taal lieder erie Oe kates ee 4 370 ae 1938° 31 222.3 
CO Sieg a ass aeays a eee Bae aera Beatantar ened ee 5 2.098 Saat 1938° 264 1073.4 
ONT: seciracd eal tear ahede oe ay vo Ss bene ee das Ss enn EA eae en Gd 6 4.882 1938° 264 2497.4 
CL Ot Anis cease rare Maree i eaens ead hte 4 Gs aes sao we oaneeanetaee 7 7.350 1938° 3793.1 
Surplus heat, Item 3 minus Item 7.............. eee cee eee ence = «8B oie ihc 80 aes sane 2325.0 
Sensible heat in air if preheated to 562° F...............--000. 9 6.350 juste 500° 239 758.8 
Surplus heat with air preheated to 562° F., Item 8 plus Item 9 10 eae Seae 8 8 | aa 5am 3083.8 
Calorific heat in gas, 14544 minus Item 1...............cceeeees Hee, 9191.4 
Per cent of heat in C transferred to calorific heat in gas, Item 
Lb divided: By 14544c6cucscesne tes 4 hekadceexatsaiadds teecs 2 - oy. ets C(t 63.2 
* Approximate. 


TABLE VI—HEAT BALANCE OF THE GASIFICATION OF C AT 2000° F. BY H.O (POUNDS OF MATERIALS 
FROM TABLE No. IV. 


Btu. Tempera- 
Item Pounds per tureabove Specific Total 
pound 62° F. heat Btu. 
ae available, C oxidized to CO: and CO same as Item 1, Table a 
Fd deo iehGagccrua eh ella tnlote aint oma ee arp Auch ea aso tinalaue ae cic tala ta ailehan gh aie wire be sie altel 352.6 
Sensible heat in C and Ash, same as Item 2, Table V........... ie 1938° 765.5 
TL Otal N€ataVallaDle voc nnaiecier sd taut sass aoe taaewds uv ew soul iS” same a8 § “tate 6118.1 
Heat absorbed as sensible heat in gas ° | 
COR esa ost eerceeges a poceuaag sites esae ae tavertoeatethicuet ci fleceeae tks 3/0 ere 1938° 310 222.3 
CO. sexe ise elds baeeeee es is iaoahatsbcu yet acaeta cache aorta evar aoamat ae orate 2.098 Seve 1938° 204 1073.4 
De eth As eet oe Bra neh Ss otal Gates Meee eran en tate at 183 beat 1938° 3.740 1326.4 
PO) Soa iad aha cs Bt 8 sede ep And OL Wi OS Ga AOE eee 876 pists 1938° .626 1062.7 
TOU. cei dtuweiic be tia nace coee db atte bn eos eee he auw ieee cael 14 ae | eget 1938° dave 3684.8 
Heat required for decomposing HiO.............. cece ee eens 15 183 52518 Sin... 9610.8 
Total heat absorbed, Item 14 plus Item 15...............-.-.--. 16 sane wae.  Ampeaee 13295.6 
Heat deficiency, Item 16 minus Item 13............s000eeceeeees 17 ry cs °C cere hak 7177.5 
Sensible heat in H:O if preheated to 562° F........... cee cee ewes 18 2.527 500° 478 603.9 
Heat deficiency with H:0 preheated to 562° F. Item 17 minus 
Wem 18: ooccs ccc aniitiead nnet on ace eek.cNesean ys ae haber nes a 1 Sete 6573.6 
Calorific heat in gas, Item 11 plus Item 15...............0.s0005 75 | ee a fo? oa fre 18802.2 
Per cent of heat in C transferred to calorific heat in gas, Item 
ZO divided: Dy 14,5446 oc iicohien co saan Oiwcdeuea saad eecbedewas 2b. 0 lie kos, 6=0Ct(‘(‘i A CC 129.3 


Item 8 in this table is the surplus heat per pound 


of C gasified by air at 62 deg. F. If the air is pre- 
heated or carries sensible heat, the surplus heat will 
be increased. Item 10 is the surplus heat with air at 
562 deg. F. The surplus heat for the various tempera- 
tures of gasification is shown by curves in Fig. 3. It 
falls off rapidly with increasing temperature. The 
efficiency of gasification or the calorific heat in the 
gas as compared to heat in C is given in Item 12. 


Google 


culated from the surplus and deficiencies of heat when 
gasifying C by air and H,O respectively and the pro- 
portion of C that is gasified by either. The surplus 
heat in gasifying by air must compensate the defi- 
ciency of heat in gasifying by H,O. These items are 
calculated in Table VII, also the weight of gases ob- 
tained, analysis of the dry gas by volume, efficiency 
of gasification, etc. 

For other temperatures the calculations are the 
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TABLE VII—HEAT AND CHEMICAL BALANCE OF THE GASIFICATION OF C BY BLAST (AIR+H:0) AT 2000° 
F. AT BALANCED CONDITION OF FUEL BED. 


Blast at 62 Deg. Fahrenheit 
Reference and 


Blast at 562 Deg. Fahrenheit 
Reference* and 


Item Equations Item Equations 
Surplus heat per pound of C gasified by air, see Table V I8 2325.0 Btu... 110 3083.8 Btu. 
Heat deficiency per pound of C gasified by HsO, see 
Mane VC cuudet oes igs Sovaide weedeiee sieeee ent ees ae ad ee Bee - iG 6573.6 Btu. 
: . : tu. 
C gasified by H:O per pound total C gasified........ ” 4 22 Tesi? 245 tbs. 23 Ti04119 320 tbs. 
C gasified by air per pound total C gasified............ 1—122 755 Ibs. 25 1—123 .680 Ibs. 
Gas obtained per pound of C gasified, see Tables 3 
and 4: 
COs from HsO and aif iesd hcdhdasincseeveeliuwewadis 24 - weeeends 3/0 Ibs. im, eee 3/0 Ibs. 
CO from HO and air............... Biubaitcamwaeeme lak: | Aiptek 2.098 Ibs. err 2.098 Ibs 
B46 HO isc cec iene wierd A aees ae hceke 122.183 .045 Ibs. of I 23.183 .058 Ibs 
HsO from HiO........... ccc ccc ccc cee cence eens I 22.876 .215 Ibs. e I 23.876 280 Ibs. 
WN fF O0 Ail oe do. esi et oat SUNS ee Been ee od 1 244.882 3.686 Ibs. I 254.882 3.320 Ibs 
Total Cas excess cunnerisanieiaecevemm ete kereee 5G. Bendeese 6.414 Ibs. ee eee med 6.1266 Ibs 
Analysis of dry gas by volume: 
CO sa echt bh oboe NSEC ETOCS ea 3.52% ie 2 Spaeaees 3.62% 
CO ek vaecatecsa ee tes es MARGARET. al ||| (Sees 31.55% be. avr 32.42% 
BA aha a kata ta OA A SEER AOR CR ter cx Bientnatind | 9.43% mi, || areas 12.63% 
IN ack ra oe ae Als BE RRS CM SGOUER ES +S. - seeeeaes 55.50% hr, oo. Suseetaned 51.33% 
Ola Secisleed aeoeors RAC ace Sa RA EE Ra ReNee: a been Be 100.00% May  wphehew tus 100.00% 
Cubic feet of dry air per pound of C..............2.. 00 we ee 90.10 oe  ireawiewre 87.60 
Btu.péer cubie (00 s.6eiss eataeeeddidoes ea seanedecues Se. ay aScnduaadees 128.10 Sey a9» Seen 140.00 
Btu. per pound of C gasified............ cece cece eee eee 26 =T11-+122x115 11546.0 27. «1114-1 23115 12266.8 
Efficiency of gasification.........cceeceeceeeseeeeeneee ne ee 79.40% ce. | anata 84.30% 
Air per pound of C gasified.............. eee cece eee eee I 246.35 4.794 lbs. 1 256.35 4.230 Ibs. 
H.O used per pound of C gasified...............cccuee I 222.527 619 Ibs. 1 232.527 .809 Ibs. 
H;O per pound of air in blast........ ccc cece ee sceeens 08 tet e aces 130 Ibs. we | Sabaneta 188 Ibs. 


*Reference to items in this and previous tables is indicated by I followed by number of the item. 


same. The principal results are plotted as curves. In 
Fig. 5 is shown the percentage of C gasified by air 
and H,O respectively, at 62 deg. and 562 deg. F. tem- 
perature of blast. Fig. 6 shows the gasification efh- 
ciencies at balanced condition with blast at 62 deg. 
and 562 deg. F. The highest efficiency lies between 
2000 deg. and 2200 deg. F. Below 1800 deg. F. it drops 
off rapidly. 

The composition of the dry gas by volume at vari- 
ous temperatures of gasification is given in Fig. 7 
for blast at 62 deg. F. Moisture per pound of C gasi- 
fied is shown in Fig. 9. _ 


The real efficiency of the gas and of the gasifica- 
tion can only be judged by considering the conditions 
under which the gas is used, as, for example, in the 
open-hearth furnace. It will be assumed that the gas 
is preheated to 1900 deg. F. before entering the melt- 
ing chamber, the combustion air to 2200 deg. F., and 
that the waste gases leave the melting chamber at 
2900 deg. F. Theoretical amount of air and complete 
combustion will also be assumed. The calculations 
for 2000 deg. F. gasifying temperature are given in 
Table VIII. 


The last line in this table gives actual combustion 
efficiency. This has been calculated in the same man- 
ner for other temperatures of gasification and is shown 
in Fig. 10. As would be expected, there is a maximum 
efficiency between 2000 deg. and 2200 deg. F. gasifica- 
tion temperature, as in the case of the gasification effi- 
ciency, but there is a marked drop of combustion efh- 
ciency at low temperatures. Whereas the gasification 
efficiency drops from 79.4 per cent to approximately 
65.4 per cent, or about 14 per cent, when the gasifica- 
tion temperature is reduced from 200 deg. to 1600 deg. 
F., the combustion efficiency drops from 47.4 per cent 
to about 18.4 per cent or approximately 29 per cent. 
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TABLE VIII — HEAT AND CHEMICAL BALANCE IN 
THE COMBUSTION IN THE OPEN-HEARTH FUR- 
NACE OF GAS FROM C GASIFIED BY AIR AND 
H:0. BLAST TEMPERATURE 62°F., GASI- 
FICATION TEMPERATURE 2000° F. IN 
| PRODUCER VALUES PER POUND 

OF C GASIFIED. 


Tempera- 
Pounds tureabove Specific Total 
62° F heat Btu. 
Gas obtained per pound 
of C gasified, see Table 
VII: ’ 
COs: scsknusescevace 370 1838 300 
OD? is hiie eGo 2.098 1838 262 1010 
TAS ea erred tira eek -045 1838 3.710 307 
HsO® fd See dewwes 215 1838 610 240 
MigeRa Resa ea kes 3.686 1838 262 1775 
Total gas ......... 6.414 1838 
Calorific heat in gas, Item 
20. a Sia Reese va taninwas 11546 
Total heat in gas........ ee: ee eect 15082 
Combustion air ......... 6.750 2138 257 3709 
Total heat available...... ere ae dear 18791 
Waste gases obtained per 
pound of C: 
COS cade sosiwelasoat 3.667 2838 .360 3747 
NE sah os cheado takes 8.878 2838 274 6904 
HeO.. saedkeseevause 619 2838 112 1251 
Lotals :z2scwuneudes 13.164 2838 ee 11902. 


Heat available in melting 

chamber .............. oe ee ee 6889 
Percentage of heat avail- 

able in melting chamber 

of heat in C gasified = 

6889 — 14.544 ......... eis ee vis 47 4% 


(To be Continued) 
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Most Modern Sheet Mill 


Details of the National Enameling & Stamping Company’s 
New 3’ 0” Mill at Granite City 


By E. H. WERNER* 


HE Granite City Steel Works of the National 
"[ Enameting & Stamping Company have erected a 

new sheet and jobbing mill at Granite City, Ill., 
that represents the latest practice in the manufacture 
of sheets. 

There are installed six sheet mills with a range in 
widths up to 48 in. and gauge No. 30 to 10, and one 72 
in. jobbing mill which rolls sheets up to and including 
60 in. wide and a complete galvanizing department 
that handles up to and including 54 in. wide sheets. 


The United Engineering & Foundry Company, of 
Pittsburgh, Pa., were retained as engineers for the 
building of this plant. They maintained an office at 
the site, together with a complete engineering depart- 
ment. 

The actual construction of the plant began on the 
12th day of October, 1922, and the first sheets were 
rolled on September 24, 1923. 


*Chief Engineer, National Enameling & Stamping Company, 
Granite City, II. 


The prevailing idea in the building of this plant 
was to provide ample working space, the best of light- 
ing and ventilation, and to insure the product taking 
the path of least resistance in order that maximum 
production at lowest cost be attained. 


Buildings. 

The buildings, four in number, are designated as 
bar building, furnace building, mill building and ware- 
house. The buildings are adjacent to each other and 
are built on common building columns—i.e., there is 
not any space between them. Maximum lighting is ef- 
fected by raising or lowering the roofs of the various 
buildings so that a row of continuous sliding sash en- 
circles each building just below the eaves of the roof. 
Maximum ventilation is secured by placing ventilators 
along the entire roof of each the bar building, mill 
building and warehouse. Each of the buildings is 
made up of 35 bays at 22 ft. 6 in. giving a total length 
of 787 ft. 6 in. 


The bar building is 43 ft. 0 in. span and is equipped 


FIG. 1—An end view of the new sheet mills, showing the four buildings (bar mill, furnace building, mill building proper, and 
ware house) assembled under one roof. Each building consists of 35 bays at 22 ft. 6 in, with a total length of 787 ft. 6 in. 
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with a runway for a 10-ton 40 ft. 0 in. span electric 
traveling crane. 

The furnace building is 9 ft. 4 in. wide and forms 
a space between the bar building crane runway and 
the mill building crane runway for the furnace stacks. 

The mill building is 78 ft. 4 in. wide and provides 
for a 40-ton crane with a 10-ton auxiliary, 75 ft. O in. 
span. 

The warehouse building is 78 ft. 4 in. wide and the 
crane runway designed for a 10-ton 3-motor electric 
traveling crane. 

The bar building is large enough to provide ample 
storage for cut bars; it will store enough cut bars to 
operate all of the mills from 30 to 35 days. This is 
very essential in order to provide against contingencies 
at the rolling mill and steel plant. All of the coal and 
ashes are also handled in the bar building. A standard 
gauge railroad track is provided in the South end of 
the bar building to facilitate the handling of cut bars, 
coal and ashes. 

The mill building is made exceptionally wide in 
order to give plenty of space on the catcher’s side for 
taking care of the sheets as they are finished on the 
mills. The squaring shears are so located that the 
shearman will work in the mill building while scrap 
handler will be in the warehouse. 


The warehouse has been given much thought and 
attention. All finished product is so routed that it 
logically reaches the warehouse in the last operation 
just prior to shipment. The product of the jobbing 
mill is under the warehouse crane, ready for loading, 
after it has been sheared—all black sheets from the 
mills can be readily transferred with minimum effort 
to the warehouse crane—all galvanized sheets are de- 
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posited under the warehouse crane, ready for bundling 
and shipping. A depressed shipping track, with a_ 
capacity of from nine to 10 cars is provided in the 
south end of the warehouse, this insuring ideal con- 
ditions for loading cars regardless of the weather con- 
ditions. 

The buildings were designed, fabricated and erect- 


FIG. 2—Shows the furnace side of the mills, with view of roll 
storage in back ground. 


ed by the Mississippi Valley Structural Steel Com- 
pany of St. Louis, Missouri. 


Mill Equipment. 

The mills, together with the auxiliary equipment 
were furnished by the United Engineering & Foundry 
Company, of Pittsburgh, Pa., and represent the latest 
design in sheet and jobbing mill equipment. 
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Plan of new sheet mill—excellent straight line arrangement of 
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The housings are steel castings of the heaviest 
type. On the south side of the drive are located one 
30-in. diameter by 38-in. long roll sheet mill, and three 
30-in. diameter by 44 in. long roll sheet mills. The 
roughing stands on this side of the mill are all spring 
balanced. Two stands of 26-in. diameter by 54 in. long 
cold rolls are placed on the end of the train as a drag. 


On the north side of the drive and adjacent to it 
are located two 30-in. diameter by 38 in. long roll sheet 
mills, one roughing stand of the spring balanced type, 
and the other of the jump type. Next are located the 
two high jobbing mills made up of 30 in. diameter by 
72 in. long rolls. The roughing rolls are spring bal- 
anced, and equipped with motor driven screw down. 
A lifting table is provided on the catcher’s side of the 
roughing stand, while a tilting table is arranged on 
the catcher’s side of the finishing stand. A conveyor 
is installed to convey the sheets from the finishing 
stand to the continuous annealing furnace. A 38 in. x 
38 in. drag is located on the end of this train of mills. 


Five standard 54 in. doublers, operated with either 
steam or air, are conveniently located to serve the six 
sheet mills. 


Furnaces. 


The furnace equipment, which was furnished by 
the Tate-Jones Company of Pittsburgh, Pa., consists 
of five combined sheet and pair furnaces, one single 
pair furnace and one double sheet furnace for’ the 
sheet mills; one continuous slab heating furnace and 
one large single sheet furnace for the jobbing mills; 
one Costello continuous blue annealing furnace, and 
four double box annealing furnaces; one portable blue 
annealing furnace. All pair furnaces and the continu- 
ous slab heating furnace are of the Costello continu- 
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ous type, arranged with pushers electrically operated. 
All furnaces with the exception of the open annealing 
furnace and portable annealer, are designed for coal 
firing with Jones underfeed stokers. Each stoker is 


equipped with a coal hopper directly above it, which 
is filled with coal from a Williams Single Line bucket 
on the 10-ton crane, thus reduicng to a minimum the 


FIG. 3—A view of roughing mills during construction, showing 
the method of designating each mill unit. 


labor for firing the furnaces. The continuous open 
annealer and portable annealer are fired with by-prod- 
uct coke oven gas. 


Drive. 


The mills are driven by a 2,000 h.p. Westinghouse 
Motor running at 240 r.p.m. A drive to secure the 
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necessary reduction in speed, was built by the United 
Engineering & Foundry Company. This drive con- 
sists of cut herringbone gears and give a speed reduc- 
tion of eight to one. A complete Bowser Oiuling Sys- 
tem is installed to take care of the motor and drive. 


Floors. 

The floors or standings at the mills and furnaces 
are of the water cooled type, furnished by the National 
Roll & Foundry Company. Brick flooring is used to 
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FIG. 4—The jobbing mills -at end of train—showing water cooled. 


. ~ floor. : 
floor the bar building, furnace building, balance of 
mill building and the northern part of the ware- 
house. _Wood block flooring is used in the shipping 
end of the warehouse. 


Finishing. | | 
The product of the jobbing mill is passed through 
the continuous Costello blue annealing furnace, then 
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through the United Engineering & Foundry Com- 
pany’s Roller Leveller onto a conveyor built by the 
C. O. Bartlett & Snow Company. This conveyor de- 
livers the sheets to a bed of castors directly in front 
of the 156 in. squaring shear. After the sheets are 
sheared they are ready for loading directly into cars, 
or for storage. This is easily accomplished as they 
are under the 10-ton warehouse crane. 


The product of the sheet mills is handled with a 
minimum amount of effort. All sheets after being 
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FIG. 6—Difficulties often encountered in cramped roll storage 
facilities are entirely absent here. Every roll is immediately 
available. The heavy roll lathe is located directly back of 
and convenient to storage. 


sheared, are carried by the crane to the cold rolls. 
The cold rolls automatically deposit the sheets on the 
annealing furnace bottoms. After the sheets have 
been covered they are lifted by the crane, onto the an- 
nealing furnace charger. This charger was built by 
the United Engineering & Foundry Company, and is 
electrically operated. After being annealed, the sheets 
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FIG. 5—An excellent view of the mill drive with 2,000 h.p. Wes inghouse motor. In the center background can be seen the con- 
trol room wherein all electrical equipment is consolidated in a separate house. Ideal provisions have been made for ventila- 
tion and for quick repairs, through removable roof under the craneway. 
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FIG. 9—A feature of flexible operation. The portable blue annealing furnace. This furnace is fired with coke-oven gas from 
the by-product plant nearby, through the flexible hose connection shown in the center fore-ground. . 


are either taken to the warehouse, or pickling depart- 
ment. The pickling machinery is of the oscillator 
type, motor driven, designed and built by the United 
Engineering & Foundry Company. 


There are three galvanizing machines, complete 
with roller levellers, cooling wheels, conveyors, etc., 
furnished by the United Engineering & Foundry Com- 
pany. By-product coke oven gas, piped direct from 
the St. Louis Coke & Iron Co’s plant of 80 Roberts’ 


FIG. 7—Shows the Costello charger in front of sheet and pair 
furnaces. Adequate coal hoppers taking coal from the crane 
delivery, supply the Jones underfeed stokers which equip all 
furnaces. Change to any other character of fuel moy be 
quickly and easily made when necessary. 
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ovens, is used for fuel. The burning equipment was 
furnished by the Surface Combustion Company. The 
galvanized sheets are deposited on bundling benches 
in the warehouse and directly under the 10-ton ware- 
house crane. | 


Water Supply. 


Water for use on the mills and in the Pickling De- 
partment is secured from deep wells. A connection 
to the city mains is used to furnish water to the boil- 
ers and for emergencies. 
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FIG. 8—The annealing furnaces in the back-ground with a charg- 
er in the fore-ground. 
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Steam. 


Two 205 hp. Heine Boilers are installed to furnish 
the steam for the pickling department and to operate 
the doublers—one boiler in use and one for a spare. 
The boilers are equipped with Illinois Chain Grate 
Stokers. A hopper over each stoker is filled from the 
coal bucket on the crane. 


Electric Current. 


The electric current for driving the mills and the 
a.c. auxiliary motors is purchased. 


The incoming 


FIG. 9—A glimpse of the annealing department with a single an- 
nealing box withdrawn in place on its cast tron base. 


line is 30,000 volts a.c. 60 cycle which is stepped down 
to 2,300 volts for the mill drive. 


This current, in turn, is stepped down to 440 volts 
for the a.c. auxiliary motors. The lighting system is 
110 volts a.c. The electric travelling crane and the 
variable speed motors in the mill operate on 220 volts 
d.c. The d.c. is furnished from a 500 kw. motor gen- 
erator set. 


Cranes. 


The electric travelling cranes, four in number, one 
10-ton 40 ft. 0 in. span, three motors, one 40-ton, with 
10-ton auxiliary 75 ft. O-in. span, four motors, one 
20-ton, 75 ft. O-in. span; three motors, and one 10-ton, 
75 ft. 0 in. span three motors were furnished by the 
Alliance Machine Company. They are strictly mill 
type built cranes and represent the latest designs. 


Auxiliary Electric Equipment. 


All of the motors, with the exception of the drive 
and the crane motors, were furnished by the General 


FIG. 10—Tate-Jones continuous heating furnace, fired with by- 
product gas. 
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Electric Company. They also furnished the switch- 
board, a.c. motor controls and transformers. The 
Westinghouse Electric & Manufacturing Company, 
furnished the drive and crane motors. All d.c. control 
was furnished by the E. C. & M. Co. 


Coal. 


The coal is received on a track on the western side 
of the bar building and is dumped, through drop bot- 
tom hoppers into a reinforced coal pit of about 250 
tons capacity. A single line grab bucket on the bar 
mill crane picks up the coal from the pit and dis- 
tributes it to the various furnaces. 


Comforts. 
Toilets and wash rooms are provided at convenient 
points. 


Roll Lathes. 

For turning the rolls, two 34-in. heavy duty type 
roll lathes with enclosed headstocks were furnished 
by the United Engineering & Foundry Company. Roll 
racks for storing all rolls are provided. The roll lathes 
are located in the mill building under the 40-ton crane, 
in order that the rolls can be handled with the least 
amount of effort. , 


MATERIALS AND PROCESSING RESEARCH 


Probably no other branch of engineering work has 
added as much to engineering knowledge as that of 
the art of properly utilizing and processing of mate- 
rials. 

A new piston packing has been brought out by the 
use of a new impregnating material on a new leather. 

Cadmium plating as a protective coating for nuts, 
bolts and threaded materials formerly sherardized and 
galvanized has been developed. 

Considerable work has been done during the year 
for the purpose of developing methods of testing raw 
material so that qualities which heretofore have not 
been measurable can now be evaluated. One example 
is that of measuring the pliability of fish paper and 
mica wrappers and assigning definite values. Another 
is that of the viscocity test for use on shellac gums. 


A new development has been completed, covering 
casting integrally, the end rings and bars of small mo- 
tors. A new type of high rupturing capacity circuit 
breaker has been constructed and tested with success. 


The Westinghouse engineers have made a thorough 
study of methods of super-voltage measurement and 
have introduced several improvements in the crest 
voltmeter system which has enabled them to increase 
the accuracy of measurement in testing. An air con- 
denser has been developed the principle of which can 
be apphed to any high voltage transformer with or 
without the standard condenser bushing. This, in con- 
nection with a rectifying system, can be used for ac- 
curate voltage indication without limit and avoids the 
discrepancies and variations due to using a solid die- 
lectric condenser. 


The research engineers have developed a new alloy 
steel for electrical work which represents a remark- 
able advance in the art of material for work requiring 
steel of high permeability which is relatively constant 
over a wide range. The core or iron losses with this 
new metal are remarkably low. Its first use was con- 
fined principally to radio equipment but its application 
may be extended to other lines of apparatus. 
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THE SAFETY CRUSADE 
A Real Safety Record 


613 Transportation Workers Handle 131,616 Tons Molten Metal, 
‘With Consequent Works Production, With- 
out Single Accident 


November 4, 1923 
Braddock, Pa. 
Mr. J. B. Trusel, Superintendent 
Safety and Welfare Department. 


Dear Sir :— 


The Transportation and General Labor Department 
of Edgar Thomson Works operated during the 31 days 
of October, 1923, without an injury of any kind being 
charged against its Safety record. This is a record of 
which every man in the department is proud, a record 
that may be equalled many times in the future, but can 


never be excelled in any one calendar month. The story 


of this wonderful accomplishment dates back to one of 
our regular Department Safety meetings held in the 
office of the Transportation and Labor Department, on 
December 31, 1921. 


Mr. H. C. Roberts, Foreman of Locomotives, a mem- 
ber of the Department’s Safety Committee, addressed 


the meeting on this particular occasion, and in the course 


Safety is most impressive when translated 
into actual applications. 


The following letter portrays in most dra- 
matic form the enthusiastic efforts which are 
daily being concentrated upon this problem. 
Nowhere more than in and about the labor 
and transportation departments of a great 
steel mill is untiring vigilance imperative. 
Many’ men of many minds must work intelli- 
gently and in co-operation; dangerous haz- 
ards must be recognized and anticipated. 
That a performance percentage of less than 
100 is no longer acceptable is now a fact. 


of his address he said, “I would like to suggest, with the 


pernussion of our worthy chairman, that we take the 
month of January (1922) for a special drive on Safety 
in the Transportation and Labor Department and see 
just how near we can come to a ‘no accident record’ ”’. 


Previous to this time, operating the entire Department 
for a calender month without even a minor injury seemed 
an almost impossible task. We figured we were accom- 
plishing wonders by going through a whole month with- 
out a lost time case. However, Mr. Roberts’ suggestion 
was taken up and foremen were instructed to thoroughly 
inform the men in their charge that it was the great desire 
of the Department’s Safety Committee to operate during 
the month of January without even a minor injury. We 
failed miserably in January, as we did in every succeed- 
ing month up to October, 1923. We finally realized 
our great ambition, and proved beyond any argument 
that no task, humanly possible of accomplishment, is im- 
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possible if men make up their minds to do it. The fol- 
lowing table will show the result of our efforts to estab- 
lish that record, ‘‘one calendar month without a ‘scratch 
of any kind”: 


1923 


L.T. D.T. Minor 
Cases Cases Cases 


1922 


L.T. D.T. Minor 
Cases Cases Cases 


January ..... Z 0 4 0 0 4 
February .... 0 0 9 1 0 6 
March ...... 0 0 8 0 0 20 
April ........ 1 0 9 0 0 18 
May. ciitscas 0 0 13 0 0 19 
June ........ 0 0 21 0 0 33 
TUNY: cece dots 0 0 16 0 0 31 
August ...... 0 0 10 0 0 20 
September ... 0 0 2 0 0 10 
October ..... 0 0 2 0 0 0 
November ... 2 0 8 
December ... 0 0 3 

Totals.... 5 0. 105 1 0 161 


We won the Inter Departmental Trophy for 1922 


’ and retained first place in the race for the 1923 Trophy. 
.Our minor injury record of June of this year threw a 


“scare” into us, with the result that an innovation in the 
way of having the groups, six in number, into which our 
department is divided, select from among their number 
one man to be candidate for a new hat which was do- 
nated by the Foremen’s Association for the winner of a 
Safety contest between the groups, was inaugurated. 
The first of these contests was held in July, and was won 
by an engineer representing the Engineers and Foremen. 
The second contest was held in September, and_ was 
again won by the representative of the Enginemen The 
October contest resulted in a tie, all groups crossing the 
wire neck and neck. 


The Foremen’s Association, a voluntary organiza- 
tion of Foremen banded together and paying into a fund 
the sum of 25 cents per month for just such contests, 
willingly consented to award a new hat to each of the 
six groups’ representatives. The award will be made at 
a regular department Safety meeting to be held in the 
Transportation office November 10th, at 12:30 P. M. 


After 21 unsuccessful attempts to go one calendar 
month without an injury of any kind, the following 
“Safety Obligation” was sent out and signed by every 
man in the department :— 


SAFETY OBLIGATION 


family’s when I am careful at my work. | I resolve to 
keep my mind on my work during working hours. | 
will talk “Safety” as often as possible during the day. 
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I will do everything in my power to help my depart- 
ment win the trophy. 


I will be a real, live, active Safety Committeeman. 
We Can and Will Win the Trophy 
Check NOs «dc; 040% 


The story would not be complete if we did not give 
you an idea as to the amount of work performed by the 
employes of the department during this, our banner 
month. As the department is divided into three divisions, 
Transportation, General Labor and Tracks, I will give 
the records of each separately. The Transportation be- 
ing the largest and employing the greatest number of 
men, I will begin with it. This end of the department 
worked throughout the month with an average work- 
ing force of 322 men. During the month 1240 eight-hour 
crews operated engines for a total of 14,720 engine hours, 
and in this period handled 2,303 empty in-bound cars, 
13,719 loaded in-bound cars, 3,309 loaded out-bound cars, 
and 12,761 empty out-bound cars, 4,813 cars with intra- 
mill moves, and they also handled a total of 131,616 tons 
of molten metal, or 3,761 ladles which were moved on 
an average of three times each, making a grand total of 
11,283 moves on metal ladles. 6,199 ladles of cinder 
were handled by these men. These ladles, too, were 
moved on an average of three each, making a total of 
18,597 moves. During this period they also handled 
152,888 tons of works product, going through the whole 
month of October without any demurrage charges. 
Operating under conditions of a very hazardous nature, 
these 322 men worked throughout the whole month of 
October without an accident of any kind being charged 
against the department. These figures represent a com- 
plete report of work transacted by the Transportation 
end of the department for October, 1923. 


First row, left to right—F. F. Slick, Chairman, General Safety Committee; Vv 


January, 1924 


Steel Pl. 


The Track Department had an average daily working 
force of 95 men during the month. In addition to mis- 
cellaneous jobs on our tracks, narrow and broad gauge, 
throughout the plant, such as rearranging and relocating 
tracks east of the O. H. Department to suit the extension 
to the O. H. building, raising lining and surfacing bad 
sections in the several operating yards, grading, etc., the 
following material was handled and put into service in 
our tracks: 


Material Total 
Rails 100 P: Sissciiinedsssivecivessinrnacnaieseecese 249 
Splice bars, 100 P. S., pairs Pea e ante kaw oun ll 292 
Sotice batt; 80 Aiscacdcsececswpscst stevenson ewcssuwss 26 
Steel ress tee, 5 fE: 6 Wiese cdiiges sccosass eseecuve ss 26 
Steel cross ties, Oe Ie re aera oa ehaeeakenaewens 737 
Steel crows ties, 11 £6 0 tii dics Gcasewwen eo axtadews’s 10 
Sisal santo S66. ING; Gas csc acc cowvekeaxeeeie tees 7 
S WHC DOMES, orgiihichavvecand eGsaeds sda eek iak ans eese 18 
BOGS 6S44-08.69 CNT ROKAR NEN OARS REO eS 8 
POS ee an eS ee a ee Pe ee eae ae 16 
Bete BOGE ING. bis sci oa deed ox ens ooes Hen 5 to 4ndedaye 18 
W.. ©. tice: 8.6 ie, to 15 Ft. JONG ch akc tviniaiwesis 83 
HeOnomy. SwWiUch: StANS sis isdiescccsdesvereeeceevnes va 14 
Spring wround throw stands sec «<aie sc cieewse's ca dee venss 2 
Paraliel eroutd throw Stand@ieéciccsewdnsddascwessa vo a 
Steel Ge DIMES. oii cinta sn bacthwes saenant heave banseas se 1342 
Roe IRIOO sais a 1-5.5.0d S51 Stade eed aeRO eae he 7 
CAEG 2OR: BUMPER 668s. ae Rese sae came res 608 ss 44 
Cet S8Ott IC coe bane peices ddusd see daamnoteenes 40 
CARHOG CUDG: 65 5:5.ce deed awk ee chad eheKS AOR ee REO wes 97 
SYipl Dreskable COaOQUR.incckceccescdsacesc thenndeeas 19 
tite: FOGE CAICHOE: 6 ok oid 0h 5 eas ck N SAO 43 
TET. DOCKIES. 446.49 53-40k0003 Ee ae ey mee ee 20 
PEG BICMOS ec c4s ¥8% SAF ale ROCA ESR ERS OST E ES Os 12744 
ROSIE OUR. GUNG soa oi oS esse as ERS Caw eek aes 12761 
MOGs OF TANTORE BDIRCE coos hick ida be vaescnvedaape $s 17 
OR) HO: B85 ok eek Asakede seas nee ewbaeeners 6253 


101 switch plates and braces combined, and 4 100 P. S. 6 ft. 
switch points. 


S genes) toeter 


ee sated 2 pas | 
7 Re | - 1 . . Pi 


"J. Dixon, Superintnedent Transportation and Labor 


Department, Russell Rose. Second row, left to right—Thomas Meehan, Stephen O'Malley, Peter Nee, R. I. Bair, Michael 
O’Toole, J. L. Corbett, A. J. Kramer, V. T. McCarthey. Third row, left to right—J. A. Lawler, Chairman, No. 3 Safety 
Committee, H. C. Roberts, E. A. Stonick, I. N. Yoder, J. K. Douglas, P. J. Holloran, J. J. Daly. 
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In addition to the quantity of material put into use 
in our plant, the scrap removed from said tracks during 
the month amounted to 113 tons (estimated). We might 
add here, too, that the month of October has been the sec- 
ond consecutive month our Track Department has opera- 
ted without even a minor injury, a record we certamly 
are proud of, when the many, many minor hazards that 
confront these men daily are considered. 


The next largest division of the department is the 
General Labor. The Track Division is the smallest. 
The men of the General Labor Department are engaged 
in general labor and construction, unloading and loading 
cars, cleaning, etc. Their work too is of dangerous char- 
acter and requires constant attention to avoid injury, 
as the majority of their work is hand labor. There were 
constantly on duty an average of 196 men per day in the 
General Labor Division throughout the month. It would 
be a very- difficult, matter to give an account of every job 
performed, but will give a few of the larger ones to give 
you an idea of what they really accomplished. During 
the month these men skulled 189 ladles of various de- 
scriptions. They handled 110 yard heats from the Open 
Hearth Department, and loaded a total of 5,414 boxes 
of charging box scrap for the O. H. Department, which 
averaged 2000 pounds per box, making a grand total 
of 4,834 tons 1,840 pounds. During the month these 
men were engaged on four different construction jobs, 
and time spent on each job was as follows :—Excavat- 
ing at No. 1 Mill under hot beds tunneling sewers for 
No. 1 Mill to main sewer, digging foundation back of 
No. 3 Engine Room for hot saws to main sewer at 
No. 1 Mill, for which 2,844 hours were charged. The 
second job was digging foundations for new pier foun- 
dations for new O. H. furnaces, filling in around new 
O. H. work, excavating for new stock pit at O. H. Stock 
House, excavating for new water line at Nos. 15 and 16 
O. H. Furnaces, for which 4,433 hours were charged. 
The third job was removing present building entrance 


to trainmen’s building, excavating on east and west end. 


of building, for new addition to this office, for which 838 
hours were charged. The fourth construction job was 
excavating for new oil pump at the Splice Bar Mill, and 
digging sewer for same, for which 579 hours were 
charged. In all four construction jobs a total of 8,694 
hours were recorded, and 24 cars of dirt were loaded and 
34 cars of dirt and ashes were unloaded. (These cars 
are included in the report of cars loaded and unloaded 
for the month). | 


In addition to the foregoing, they performed the work 
shown in table on the succeeding page. 


RECAPITULATION 
Accidents during October..............-....22 ee eeee None 
Average daily working force............. 0... e eee eee 613 
Empty inbound cars..............c cece ec etc n ences 2,303 
Loaded inbound Ccars........... ccc cece ee ete e eee eenes 13,719 
Empty outbound cars.......... 00. cece eee cee cence 12,761 
Loaded outbound cars......... 0... c ccc c eee eens 3,309 
Intra-mill moves on Cars.......... ce cece eee eeeaee 4,913 
Molten metal handled—ladles 3,761; tons............. 131,616 
Moves made on molten metal ladles............... ~.. 11,283 
Ladles of cinder handled.............. 0.0. cece eee ees 6,199 
Moves made on cinder ladles..............0 ccc eeeeee 18,597 
Works production handled, tons..................0.. 132,888 
Construction jobs engaged in.................-2.-4-- 4 
Hours recorded on construction jobs..............05. 6,694 
Ibadles:-skulled 5.6.0 gsven nn ee AGP AAD eee 189 
Open hearth yard heats handled..................... 110 
Charging box scrap loaded, boxes.................... 5.415 
Tonnage of C. B. scrap loaded, tons................. 4,834 
Total miscellaneous items loaded, cars............... 1,248 
Total miscellaneous items unloaded, cars............. 905 
Scrap transferred from barges to cars, tons........... 5,750 


Google 
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Scale transferred from barges to cars, tons........... 600 
New material handled by track men, pieces........... 35,000 
Demurrage charges for October..........ccceeeceees None 


Hoping, the balance of the year, to lead the depart- 
ment through the safest year in its history, and by so 
doing to help establish a similar record for the Edgar 
Thomson Plant, I remain, 


Respectfully yours, 


(Signed) W. J. Dixon, Superintendent 
Transportation and General Labor Dept. 


METALLOIDS IN OPEN-HEARTH 
(Continued from Page 50) 
. Heat Generated 


Oxidation of carbon, weight = 2667 Ib. . 
Heat of formation of CO from C per Ib. = 4374 Btu. 
Heat generated = 4374 X 2667 = 11.67 X 10, 
Oxidation of manganese, weight = 604 Ib. 
Heat of formation of MnO = 2984 Btu. 
Heat generated = 2,984 x 604 = 1.80 X 10, 
Oxidation of silicon, weight = 488 Ib. 
Heat of formation of SiO: = 11,683 Btu. 
Heat generated = 11.693 & 488 = 5.71 X 10, 
Oxidation of phosphorus, weight = 129 Ib. 
Heat of formation of P30; = 10,825 Btu. 
Heat generated = 10,825 « 129 = 1.40 X 10, 
Heat of formation of slag weight = 11,423 Ib. 
Heat of formation of slag = 104 Btu. 
Heat generation 11,423 « 104 = 1.19 < 10, 
Total heat generated = 21.77 & 10, Btu. 


Authorities for Constants Used 
THERMOCHEMICAL CHANGES 
Iron oxide reduction—Richards 


Decomposition of limestone—U. S. Bureau of Standards. 
Oxidation of C, Mn, Si, P—Richards, LeChatelier, Berthelot, 


Thomson 
Formation of slag. calculated using Richards’ values 


THERMOPHYSICAL CHANGES 
Specific heat, pig iron—0.1665—Oberhoffer 
Specific heat, soft steel—0.16—Meuther 
Latent heat of fusion, pig iron—Hutter 
Latent heat of fusion, stecl—average value—Jctner, Richards, 
Brisker 
Heat in molten slag—Springorum 


Thermal Balance Sheet 
HEAT ABSORBED 


Red. of oxides of Fe = 1642 
Absorp. moist. of ore = 2.34 
Decomp. of limestone = 5.08 
Absorp. moist. of limestone = 0.32 
Recomp. of dolomite = 0.67 
Heat in molten slag = 12.18 
Heat added to mixer metal = 7.88 
Heat added to scrap = 19.82 
HEAT GENERATED 
Oxidation of C = 11.67 10, 
Oxidation of Mn = 1.80 * 10, 
Oxidation of Si = 571 x 10, 
Oxidation of Si = 5.71 < 10, 
Oxidation of P = 140 x 10, 
Heat form. slag a AOA, 
Balance heat to be sup- 
plied by combustion 
of gases in furnace = 42.94 X 10, 
Total Btu. = 64.71 « 10, 
THERMAL EFFICIENCY OF BATH 
Thermal efficiency of furnace = 17.3 per cent. 
Btu. in gas per pound of coal = 10,625 
42.94 < 10, 
Total Btu. to be supplied in producer gas = ——————— = 
0.173 


248.21 & 10, Btu. 
Total coal burned = 23,361 Ib. 


(To be continued) 
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By-Product Coke and Gas Oven Industry 
in 1923 


By C. J. RAMSBURG* 


oven industry in 1923 was undoubtedly the com- 

pletion and successful operation of the plant of 
37 Becker type ovens at the Weirton Steel Company, 
Weirton, W. Va. This plant was put into operation 
in July and has borne out in practice all of the earlier 
predictions of the designers. It has operated continu- 
‘ously on a coking time of less than 11 hours and 30 
minutes, carbonizing approximately 1,060 tons of coal 
per day or 29 tons per oven day, which is probably a 
world’s record for coal carbonization per oven. The 
yields have been approximately as follows: 


an outstanding event in the by-product coke 


Total coke....... 795 net tons 
‘Gas, debenzolized. 11,400 cu. ft. of 555 Btu. per net ton of coal 
DOP bi. ce oea eens 13.0 gallons per net ton of coal 
Am. sulphate .... 24.0 pounds per net ton of coal 
AT et aes | eee aaa 4.3 gallons per net ton of coal 

The plant has operated entirely on straight high 
volatile coals from the Pittsburgh District, no Poca- 
hontas or other low volatile coals having been used. 
The coke produced has been used in the blast furnace 
of the Weirton Steel Company with very excellent 
results, the furnace having averaged as high as 610 
tons of iron per day on straight lake ores. This would 
seem to show very conclusively that when using 
straight high volatile coal from the Pittsburgh Dis- 
trict there is no question but that a satisfactory blast 
furnace coke can be made in the Becker type oven. 
In view of the high freight rate on Pocahontas and 
other low volatile coals, this should result in a de- 
cided savings in the cost of coke, and, consequently, 
in the cost of producing iron. It is also pertinent to 
state here that the coke consumption per ton of iron 
produced has been lower when using coke made in 
these ovens than when using beehive coke. 


At the present time there are under construction 
in the United States and Canada a total of 701 ovens 
having a combined carbonizing capacity of 6,015,950 
net tons of coal per annum, all of which are of the 
Becker type designed and being built by the Koppers 
Company. These ovens are located as follows: 


BY-PRODUCT COKE OVEN PLANTS 


Carnegie Steel Compariy,. Clairton, «Panisicak ccs cvicain, 306 
Columbia Steel Company, Salt Lake City, Utah......... 33 
Republic Iron & Steel Company, Youngstown, Ohio.... 61 
Bethlehem Steel Company (Lackawanna Plant), Buf- 
SAI \.. Dig Sk, Siscn paeROE Se Raaetakue ok sabteh ht Dees 114 
Trumbull Cliffs Furnace Company, Warren, Ohio...... 27 
Diamond Alkali Company, Alkali, Ohio................ 23 
BY-PRODUCT GAS OVEN PLANTS 
Consumers Power Company, Zilwaukee, Mich.......... 19 
Winnipeg -Electric Railways Company, Winnipeg, Can.. 17 
Utica “Gas & Electric Coniparny;. Utica, No. Mis ciic sic 5 oust 21 


In addition to the three gas plants named above, 
there was built, during 1913, a plant of 11 Becker type 
gas ovens for the Battle Creek Gas Company, Battle 
Creek, Mich., and this plant is about to go into opera- 
tion as this is written. All of the gas oven plants 
above mentioned, including Battle Creek, are of the 
same general design as the coke ovens, but are ap- 


*Vice President, The Koppers Company. 
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proximately only one-half the size of the standard 
coke ovens, having capacities of from 5.5 to 6.8 tons 
of coal per charge. The size of the oven is determined 
entirely by the local conditions existing where the 
plant is built and the gas-make desired, it being per- 
fectly practicable to make the oven smaller or larger 
as desired. The above mentioned plants range in 
capacities from 150 tons of coal per day at Battle 
Creek to 285 tons of coal per day at Utica. All of 
these ovens will be underfired with producer gas and 
the capacities given are based on a coking time of 


Mr. C. J. RAMSBURG 


12 hours, although it is, of course, possible to in- 
crease this coking time as desired and to reduce it to 
as low as 10 hours. The ovens can also be heated 
with blue water gas or oven gas. When oven gas is 
used, approximately 65 per cent of the total gas pro- 
duced is available for domestic distribution, as com- 
pared with 100 per cent when using producer gas or 
blue water gas for underfiring. Provision is also 
made for steaming of the ovens to recover additional 
gas. All of these features combine to give to these 
plants the great flexibility so essential in domestic 
gas manufacture. 

It is very gratifying to see how quickly the gas 
industry has recognized the great advantages of car- 
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bonization in bulk as exemplified in these plants as 
there is no question but that this method of carbon- 
ization is far more efficient and practicable than or- 
dinary retort practice. 


It is also interesting to note that both in Eng- 
land and in France there has been widespread interest 
shown in American coke oven practice. It is a well 
known fact that both on the continent and in Eng- 
land there has been a tendency to adhere to old de- 
sign and obsolete methods of operation which, no 
doubt, has been due to the fact that during the war 
there was no time for research or development work 
to be done. In the past few years a number of men 
prominent in coke oven design and operation on the 
other side have visited this country, all of whom were 
greatly impressed by the progress made here in by- 
product coke oven design and operation, and under 
the stimulus of the information secured there is a 
rapidly growing conviction that steps must be taken 
to bring their design and operation to a more efficient 
basis. This movement has spread to such an extent 
in England and in France that the Woodall-Duck- 
ham-Jones Company of England and the Societe 
Anonyme de Carbonization et de Distillation des 
Combustibles in France, have arranged with the 
Koppers Company to handle the sale and building of 
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the Becker type oven in these countries. A battery 
of Becker ovens is now under construction in France. 
The silica brick shapes are being shipped from this 
country, but there is reason to believe that within a 
short time English and French refractory companies 
will be in position to furnish all the brick required in 
the building of these ovens. All indications point to 
the building of a number of American ovens in these 
two countries and the adoption of American methods 
of operation. 


As in previous years, the production of by-product 
coke-as compared to beehive coke has continued to in- 
crease, approximately 85 per cent of the total coke 
produced in the United States having been made in 
by-product ovens. The indications are that it will 


_be only a few years before all of the coke used in this 


country in normal times will be produced in by-prod- 
uct ovens and that the beehive oven will only be used 
in boom times when coke is scarce and prices are 
high. One factor which may retard this desired re- 
sult, however, is the situation which has developed 
in connection with the cost of carrying coal to the 
by-product coke plant and shipment of the coke pro- 
duced. It requires approximately 1.4 tons of coal to 
produce a ton of coke and the freight on this coal 
from the mine to the by-product plant, plus the 


FIG, J—An excellent birdseye view of the new battery of 37 Becker type ovens at Weirton Steel Company. 
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freight on the resultant ton of coke from the by- 
product coke plant to the point of consumption is in 
most cases more than the freight rate on beehive 
coke from the ovens to the point of consumption. 
This is due to the fact that beehive ovens are gen- 
erally located at the mouth of the coal mine and this 
permits shipment of only the coke to the point of con- 
sumption. Present freight rates are such that bee- 
hive coke has the advantage in most cases. While it 
is true that most of the by-product ovens are located 
at the iron-and steel plants where most of the coke is 


consumed, there is generally a certain percentage of - 


smaller sized coke unsuitable for use in the blast fur- 


FIG. 2—Interior of benzol motor fuel plant, Weirton. 


nace which has to be disposed of as domestic fuel or 
otherwise, and this inequality in freight rates creates 
a situation which works a hardship on the by-product 
coke oven operator. This is especially true in the 
operation of by-product coke plants and not intended 
primarily to furnish coke for furnace operation, but 
built as merchant plants, depending on territories 
within reasonable limits for a coke market. 


This situation has been called to the attention of 
the Interstate Commerce Commission, however, and 
there is hope that a solution of this difficulty will be 
found, as it is almost generally recognized now that 
to produce coke in beehive ovens is a practice con- 
trary to all of the dictates of present day knowledge 
and inimical to the best interests of the country. 


American coke oven operators have reason to con- 
gratulate themselves on the great strides which have 
been made in coke manufacture, but there is still a 
great deal of development and research work to be 
done. It is idle to think that we have reached the 
millennium in this industry despite the fact that it 


January, 1924 


now takes us but 11 hours to accomplish what for- 
merly required from 48 to 72 hours. One very grati- 
fying feature of the construction work in the past 
year has been the fact that all of the ovens contracted 
for are of the combination type which can be operated 
either with producer gas, blast furnace gas, coke oven 
gas or blue water gas. 


The use of coke oven gas and tar in the open 
hearth plant is a matter which should be given more 
study. While considerable progress has been made 
in this connection it would be well for iron and steel 
companies operating by-product coke plants to con- 
sider the advisability of a partial distillation of their 
tar before burning it in the open hearth plant, re- 
covering the light oils, tar acids and some of the 
heavier oils such as creosote oil and burning only 
the residual tar in the open hearth. There is a great 
demand for these tar oils and the revenue derived 
from their sale would help to reduce the cost of steel. 


The indications are, however, that all concerned. 


are exerting every effort to solve the many problems 
confronting the by-product coke oven industry and 
that the research and the development: work which 
has brought the industry to its present high state of 


- efficiency will continue. 


—_————— a - — -_- - 


A LIFTING MAGNET THAT WON OUT 


For many years the Ferro Machine & Foundry Company, of 
Cleveland, who melt at least a car of iron each day, have em- 
ployed’ a-locomotive crane with magnet to do the unloading and 
other material handling work but finally the magnet which was 
of an old design, no longer made, gave out completely and the 
maker advised them to buy a new standard magnet of modern 
design. 

The electrician, loath to give up an old friend, made plans to 
rewind the coil and rebuild the magnet but was prevailed upon 
to listen to the magnet salesman and his own estimate of the 
cost was $1,000.00 and of the time, which included the making 
of a pattern and buying a manganese steel casting ground to size 
also buying the copper and winding the coil, was two months. 


The yard boss was then called in and stated that it would 
cost them twenty dollars per day to do the magnet’s regular 
work by manual labor which meant another $1,000.00 for the 50 
working days. 

Rebuilding the old magnet would thus cost them $2,000.00 
with no one to guarantee its useful life whereas a new one 
would cost less than $1,500.00 and be covered by an absolute 
guarantee for one year and be of moder ndesign with greater 
lifting capacity and a useful life expectation of 15 to 20 years. 


The next day they bought the magnet shown on their crane in 
cut herewith, 


This is the exact story of a typical case as related by F. W. 
Jessop of the Ohio Electric & Controller Company of Cleveland. 
Magnet appropriations are hard to get but once obtained the 
operating department wants the magnet the next day. 


The Cleveland-Cliff Iron Company announces the removal of 
its offices from the Kirby Building to the fourteenth floor of 
the Union Trust Building, Cleveland. 


I. Keller Company, Williamsport, Pa., announce the ap- 
pointment of Mr. C. C. Loder as sales manager, Pittsburgh ter- 
ritory, with headquarters Room 609 Chamber of Commerce 
Building, Pittsburgh, Pa. 
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Boiler Efficiency 
The Relation of CO. to Ash Pit Losses Must Be 


Carefully Observed 
By CHARLES E. COLBURN* 


plants in which the importance of maintaining 

low values of excess air is not appreciated. Al- 
though there are a vast number of plants operating 
with large amounts of excess air, there are on the 
other hand numbers of cases where the CO, is main- 
tained higher than is required to make the sum of the 
boiler losses a minimum. This kind of operation 
usually results where bonuses based upon the CO, 
percentage are paid. With some of the most com- 
monly used types of stokers it is usually very easy 


Tee are at the present time few large boiler 


__*West P Penn_ Power r Company, ‘Springdale, Pa. 


to maintain high CO, values if no consideration is 
given to the other losses in the boiler. It has been 
found that .even with good stoker fired furnaces in 
which the ash pit losses can be kept low when the 
CO, percentage is high, the firemen will secure high 
CO, by allowing the ash pit losses to become large. 
Several of the large power plants have tried out bonus 
systems based upon the CO, percentage and have 
abandoned them when it was found that increase in 
ash pit losses was greater than the decreased stack 
losses resulting from the higher COQO,. 


Operators having this experience should not come 
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to the conclusion, as is done in some cases, that it does 
not pay to maintain the higher CO,. They should 
realize that the excess air should be reduced by keep- 
ing the fuel bed more even, especially at that part of 
the grate where the fuel is near the point where it is 
discharged from the furnace and not by discharging 
the ash with so high a percentage of combustible as 
to insure there being some combustible in the ash 
passing over those parts of the grate surface that 
would otherwise have been burned out. Although 
every stoker has its limitations, that is, even with the 
best of firing there will be a value of CO, which if ex- 
ceeded will result in reduced efficiency, this limiting 
value is usually higher than the operators realize. 


For any given stoker or furnace the value of CO, 
that it will be desirable to carry will depend upon the 
ability of the stoker operators. With poor operators 
it will usually not be desirable to keep the excess air 
so low as with good firemen because the better fire- 
men will obtain the higher CO, without greatly in- 
creasing the combustible in the refuse. To obtain 
maximum efficiency in a plant a great deal of study 
must be given the boiler losses. Of course, great im- 
provements can be made by training the firemen to 
carry more even fires, but with any given degree of 
fring ability, the combination of conditons that give 
the best results should be determined by studying the 
ash pit and stack losses obtained with various loads 
oe CO, percentages. 

&& 

Manufacturers of different types of stokers usually 
furnish curves showing the rate of operation that will 
give highest efficiency. Due to variation in the boilers 
and furnaces that the stokers are used with, the point 
of maximum efficiency is usually found to occur at 
some different rating than that shown on the manu- 
facturers’ curves. Sometimes great improvements can 
be made by doing nothing more than changing the 
. number of boilers used to carry a given load so as to 
operate with a different average boiler rating. 


Fig. 1 shows a chart that can be used to determine 
the boiler efficiency from the boiler losses. This chart 
should be very useful in studying the effect of the 
different operating methods on the losses. The boiler 
efficiency can be very actually determined by the use 
of this chart when the coal used is of the kind for 
which the curves were designed. With other kinds 
of coal, although this particular curve will not give 
absolutely correct results, they will be relatively cor- 
rect. That is, the operating conditions which result 
in the highest efficiency as shown by this chart will be 
within the limits of experimental error, those that will 
give the highest efficiency. The slight inaccuracy that 
results from the assumptions that are made in making 
the chart shown in Fig. 1 are more than compensated 
for by the saving in time that will result from its use. 


New Sectional Accumulator Heater 


There has now been perfected by Messrs. Daniel 
Adamson and Company, Ltd., of Dukinfield, near 
Manchester, a new sectional modification of their well- 
known “Adamson-Cruse” accumulator superheater. 


In designing a superheater, the best principle is to 
split up the steam into as large a number of thin lav- 
ers or columns as possible, so as to increase the effi- 
ciency of the heat transmission. If, however, very 
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small-bore steel tubes were used in a superheater to 
attain this object, they would be liable to warp and 
burn out unless excessively thick tubes were used. 
which would mean, of course, an impossible first cost. 
whilst at the same time any grit and dirt would soon 
cause stoppages. Consequently, in most superheaters 
a rough compromise is effected, and, say, 1 in. to 11% 
in. tubes are emploved—that is, moderate strength 
and medium heat transfer. 


In the Adamson superheaters, however, a different 
principle is adopted, especially large mild-steel seam- 
less tubes being used, 4-in. diameter and %4-in. thick, 
in the form of the usual loops suspended in the hot 
exit boiler gases from the boiler, and attached to head- 
ers. Inside these 4-in. tubes, in the straight vertical 
portions, is placed an internal gilled cast-iron core 
with a hollow center. The steam, in passing down the 
steel tube, is split up into five layers—one in the cen- 
ter of the core and tour between the middle of the core 
and the outside of the steel superheater tube, the core 
having four projecting gills or arms. As a conse- 
quence the heating of the steam is extremely effective, 
each of the four outer divisions of the steam being 
heated by the wall of the superheater tube suspended 
in the flames and hot gases, whilst the steam in the 
fifth and inner central division is heated from the cast- 
iron core, which is touching the outer steel tube at a 
number of points. The design is so arranged that the 
steam enters the first half of the top header of the 
superheater, passes down the vertical portion of the 
first loop, is split up into five portions, then reunites 
and mixes in the bottom bend, passes up the second 
vertical portion, is divided as before, then into the sec- 
ond portion of the header and down a second loop, and 
so on. That is to say, in its progress through the su- 
perheater the steam is four times in succession split 
up into five parts and reunited again, giving both a 
highly efficient heat transfer and a very even super- 
heat, because of the thorough mixing of the different 
layers. Further, the central cast-iron core stores up 
a large amount of heat, acting as an accumulator in 
this respect, so as largely to equalize the temperature 
variations which are one of the inherent defects of su- 
perheating, due to the difficulty of maintaining an even 
temperature of superheat with a varying flow of steam, 
which does not correspond with the alteration in the 
amount of heat in the exit boiler gases. 


The new sectional modification that has now been 
put on the market retains these essential features, but 
the two top headers are made of 6-in. cold-drawn mild- 
steel piping, and contain underneath a series of 4-in. 
nipples, welded on. The superheater tubes, in the 
form of the usual loop, are attached to these nipples 
by means of a long, heavy external nut, engaging in a 
screw-thread on the outside of the superheater tubes 
and the nipples, whilst a joint is made by means of a 
sinall corrugated copper ring. On screwing up, the 
joint is perfectly steam-tight and protected from the 
flames and hot gases, since the threads are totally en- 
closed in the protecting nut. 


The design is such that any tube can be separately 
withdrawn, replaced, or blanked off, or additional 
tubes installed in a few minutes; and a further import- 
ant advantage also of this sectional design is that the 
various parts are easily handled, shipped, and trans- 
ported, whilst the superheater can be put together ac- 
tually in the downtake.—Mechameal World. 


Vaan 


January, 1924 


The Blast Furnace Steel Plar 77 


Unusual Blast Furnace Boiler Plant 


The Most Recent Adaptation of Blast Furnace Gas Firing in 
Combination with Pulverized Coal 
By GEORGE G. CRAWFORD* 


N installation of steam boilers having a total rated 
capacity of 5,000 hp. has recently been placed in 
operation by the Tennessee Coal, Iron & Railroad 

Company at its Ensley Works, Birmingham, Ala., as an 
addition to its blast furnace boiler plant, primarily for 
the purpose of meeting the peak load requirements and 
maintaining a constant and uniform supply of steam to 
the various power plants and mills. These boilers form 
an additional unit to an existing boiler plant of 24,000 
bhp. rated capacity, using surplus gas from six blast 
furnaces. 


This installation consists of a battery of six 834 hp. 
boilers, built for 250 lb. steam pressure, and equipped 
with superheaters designed for 200 deg. superheat. Blast 
furnace gas is used as a fuel when available and powdered 
coal is used as an additional fuel when gas is not avail- 
able in sufficient quantities to meet the steam demands. 


*President, Tennessee Coal, Iron & Railroad Company, 
Birmingham, Ala. 


'with plain grates for this purpose. 


The features of this installation are the methods 
employed of automatically controlling a relative mix- 
ture of gas and air for the gas burners, and for supply- 
ing powdered coal.as a supplementary fuel as required 
for maintaining a uniform pressure in the main steam 
line. This method helps to overcome a problem usually 
experienced in blast furnace boiler plants resulting from 
a fluctuating, and frequently insufficient gas supply, ag- 
gravated by sudden and large steam demands. This 
condition was previously partially overcome by hand- 
firing coal on a number of the gas fired boilers provided 
This practice was 
not only inefficient but was very costly to operate, re- 
jviring a considerable force of laborers for firing and 
handling coal and ashes. 


Coal Pulverizing Plant. 
The coal pulverizing plant is located about 300 ft. 


northwest of the boiler plant, and alongside the elevated 
approach tracks to the furnace stock bins. 


This loca- 
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FIG. 1—Shows a plan view of the pulverizing plant. 
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FIG. 2—Side elevation showing relative position of coal storage bins, a telfer runway, and the drying and pulverizing equipment. 


tion was decided upon on account of the ideal condition 
afforded for dumping and storing the coal supply and 
of the isolated position which reduces the fire hazard. 


The coal is either boiler coal, which is a middle pro- 
duct from coal washers preparing coal for by-product 
coke ovens and carrying from 20 per cent to 25 per cent 
ash and up to 10 per cent moisture, or high ash coal 
screenings, either of which will average between 11,000 
and 12,000 Btu. per pound on a dry basis. All of this 
coal is crushed to under one inch size before being washed. 
Coal is delivered to the pulverizing plant on a high level 
track over concrete trestle bins with a storage capacity 
of about 1,500 tons. The bottom of the bins has a slope 
of 45 deg., causing the coal to shift to one side of the 
track and under a telpher runway equipped with a 3-ton 
hoist with a 1% cu. yd. grab bucket. From here the 
coal is transferred to a 60-ton capacity steel bin located 
over the charging end of a rotary drier. 

This bin has a hopper bottom with a spout to a feeder 
box in which is operated a drag chain to feed the coal 
to a chute discharging into the drier. The feeding de- 
vice is driven by a 5 hp. motor through a variable speed 
friction drive which can be adjusted from the ground 
floor. 

The coal drier is a 5’ 6” by 42’ indirect fired drier 
with a rated capacity of 12 tons per hour, reducing mois- 
ture from 10 per cent to about 11% per cent. The drier 
is fired with by-product coke oven gas and is equipped 
with grates for burning coal in emergency. Draft 1s 
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furnished by a 60” exhaust fan direct connected to a 
15 hp. motor, and discharging into an 8 ft. cyclone col- 
lector suported overhead between the roof trusses. 


The collected coal dust recovered from the draft ex- 
haust is discharged periodically by an automatic damper 
in a spout leading from the collector to the drier dis-. 
charge chute. The dried coal is lifted by a vertical 
bucket elevator and discharge over a 24x18 in. magnetic 
separator for removing tramp iron and then passes 
through 12 in. screw conveyor into either of two 10-ton 

_ capacity bins located over the pulverizers. The coal is 
then spouted to two 46 in. screen type pulverizers, each 
with a rated capacity of 5 tons per hour and driven hy 
100 hp. motors through a bevel gear reduction. 


A fire wall partition separates the drying equipment 
from the pulverizing equipment to reduce the possibility 
of a dust explosion. The plant is also equipped with 
a vacuum cleaning system, consisting of a 3 hp. motor 
driven turbine with a suction pipe system with 2 in. plug 
connections for detachable vacuum cleaners located in 
various places in the plant. Coal dust is collected into 
a 30 in. primary collector and an 18 in. secondary col- 
lector located over the pulverizer bins to where the 
recovered dust is returned. 


Fig. 1 shows a plan of the coal pulverizing plant. 
Fig. 2 is a side elevation showing the relative position 


of the coal storage bins, a telpher runway, and drying and 
pulverizing equipment. 
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Transport System. 


The powdered coal passes from the two pulverizers 
into a 6 in. screw type pulverized material pump directly 
driven by a 25 hp. motor. This pump delivers the mate- 
rial through a 4 in. transport pipe over a maximum dis- 
tance of about 650 ft. to bins suspended over each boiler. 


To facilitate the flow of the powdered coal through 
the transport line, compressed air at about 30 lbs. pres- 
sure is injected into the coal through small nozzles in the 
pump in a sufficient quantity to cause the coal to remain 
in an “expanded” condition until it is delivered into the 
boiler coal bins where the air escapes through vent pipes 
as the coal assumes a settled condition. 


A small compressed air line is placed alongside the 
transport line with 14 in. connections about every 20 
or 30 ft. for the purpose only of blowing out the line 
in case of stoppage. During the period of several months 
that the transport line has been in operation there has 
been no occasion requiring the use of these connections. 


Powdered Coal Burning Equipment. 


Since powdered coal is provided as an auxiliary fuel, 
it is not contemplated that it be used continuously to the 
extent of the capacity of the burners which are designed 
to generate 200 per cent of the boiler rating. 


Each boiler is equipped with a storage bin of 20 tons 
capacity which is sufficient for approximately 24 hours 
supply at the average rate of operation, or about 5 hours 
supply at the burner maximum rating, so that the opera- 
tion of the pulverizing plant can be continuous until all 
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the bins are filled,and then shut down. The pulverizing 


plant, with a capacity of 10 tons per hour operates on 
one turn per day to meet the average boiler requirements 
for 24 hours. The storage bins are equipped with auto- 
matic signal lights operated by small diaphragms inside 
the bins which cause the lights to signal when the bins 
are empty and full. Hand operated indicators are also 
provided for gauging the contents of each bin. A 1000 
lb. capacity hopper scale is used for weighing tests of 
powdered coal as it is delivered from the transport pipe 
into the boiler bins. 


Fig. 3 gives a cross section through the boiler plant 
which is located between the Rust boiler plant and the 
turbo blower station, and shows the relative position of 
boilers, gas main, gas burners, powdered coal bins, 
powdered coal burners, air main and blowers, and the 
ash handling cranes. 


Five boilers are each equipped with vertical powdered 
coal burners with individual screw feeders driven by 
1 hp. variable speed motors. Powdered coal is fed from 
the 20-ton bins into a mixing chamber, each supplied 
by a 6 in. air pipe, and then passes on to the burners. 


The burners enter the top of the combustion chamber 
through a flat suspended arch. The coal on entering the 
burners, carries with it about 40 per cent of the air re- 
quired for its combustion as a carrying medium, the 
balance of the air being admitted through eleven 12 in. 
circular openings with dampers in the front wall and 
through air inlet doors on the burners. Exceptionally 
good results have been obtained from the special design 
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FIG. 3—Shows a cross-section through the boiler plant; emphasizing the relative positions of the boilers, gas-mains, gas-burners, 
powdered coal bins, coal burners, air main and blowers, also ash handling crane. 
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FIG. 4—Side and front elevations showing gas and coal burner arrangements. 


of the combustion chamber which is unusually large, 
having a volume of 5.7 cu. ft. per boiler rated hp. The 
boilers are mounted higher than for customary practice 
giving a height of about 25 ft. in the combustion chamber, 
thus enabling a complete combustion of powdered coal 
and reducing the amount of ash deposit. 


The powdered coal feed drives, air supply to the 
burners and the air inlet dampers for the entire five 
boilers are automatically controlled through a system 
of levers by a master control shaft located horizontally 
above the boilers. This shaft is operated by the move- 
ment of a 5 in. master regulator actuated by pressure 
of the main steam header. The automatic rigging for 
each boiler unit can be detached and operated by hand 
if necessary. 


Fig. 4 shows side and front elevation of the powdered 
coal burners and connections as supplied to five boilers. 


The sixth boiler is equipped with four low pressure 
powdered coal burners. The feeding device for these 
burners is similar to those installed on the other five 
boilers, excepting that all four feeders are driven by one 
7'% hp. motor with a variable speed transmission set 
which is interlocked with the air supply valves. About 
50 per cent of the air required for combustion enters 
with the powdered coal, the balance being admitted 
through the eleven 12 in. circular openings with dampers 
in the front wall as previously described for the bur- 
ners. The air inlet dampers are connected to a shaft 
and operated by a hand lever. No automatic control 
was installed in connection with this unit. 


Digitized by CGox gle 


Gas Burning Equipment. 


Each of the six boilers is equipped with two pressure 
type blast furnace gas burners, with a capacity to gen- 
erate 200 per cent of the boiler rating. These burners, 
as will be seen in Fig. 3, enter the combustion chamber 
through the lower front wall. 


A proportional supply of gas and air to the burners 
is maintained, regardless of the gas pressure and amount 
of gas being consumed, by a relative operation of dam- 
pers located in the gas and air connections of the bur- 
ner body. This relative operation, after the proper ad- 
justment is made, is automatically controlled to suit the 
fluctuating gas pressure, by an operating rigging similar 
to that just described for controlling the powdered coal 
burners, and consists of a lever rigging connected to the 
dampers and operated by a master control shaft serving 
the entire six boilers. The master control shaft is rotated 
by the movement of a 5 in. special combustion regula- 
tor actuated by the pressure in the blast furnace gas 
supply main. 

An air pressure of 6 in. water column is maintained 
in the supply line to the gas burners and powdered coal 
burners by a 2 in. blowing engine regulator which gov- 
erns the steam turbines driving the fans. Air supply 
to the powdered coal burners on boiler, No. 6 is reduced 
to one inch water pressure by a pressure reducer. 


Boiler Accessories. 


In the auxiliary equipment for the boilers are incor- 
porated several new features of modern development 


(Continued on Page 88) 


January, 1924 


The Blast burnace™ Steel Pl- 81 


| Precision Welding 


One More Step Important in the Evolution of Electric Welding 
By S. W. MANN* 


into its own. There was a time not so long ago 

when manufacturers would ask, “Can we take 
a chance and weld it, the cost being so much lower 
than bolted or riveted construction?” Today the ques- 
tion is, “Shall we play safe and weld it?” Invariably 
the progressive and experienced man who really 
knows welding and knows the causes of failure, to- 
gether with the principles of successful welding, never 
even asks himself the question but goes ahead and 
welds it, because he knows it is stronger, more rigid, 
more economical and has a better and neater appear- 
ance. The various methods that are not in use and 
the new methods that are yet to come, together with 
a steadily increasing application to industry at a tre- 
mendous saving and increase in safety, are forcing 
general recognition. 


Fr" into its o arc welding is just beginning to come 


The welding art has so many branches and is. . 


growing so rapidly, that the expert must be a special- 
ist. The writer is, therefore, content to follow one 
method and to apply himself to the promotion of that 
one particular branch. The electric arc method has 
been selected primarily because of its flexibility and 
practically unlimited application and economy. The 
writer’s particular purpose here is to call attention to 
what can honestly be called precision welding. When 
we say “precision,” we mean precisely that—not al- 
most correct, but within two thousandths of an inch. 
It was not so long ago that even the machining of a 
large crank shaft to two thousandths of an inch tol- 
erance was not an easy problem, especially when its 
assembled or complete weight was between five and 
75 tons. Today however, this is the standard tolerance 
and is lived up to by reliable engine manufacturers. 


It is now possible, through the use of precision in- | 
struments, that are capable of measuring the align- » 
ment of a shaft that is assembled in an engine frame, . 


and the electric arc process, to repair or straighten a 


broken or twisted shaft or a broken casting to the. 


same degree of strength and accuracy as that required 
by the manufacturer. Not only is it possible to weld 
to such fine measurements, but we are limited to the 


tolerance of the shaft itself. It can readily be under- . 


stood that we cannot line up a piece of machinery 
any closer than its machined surface, but the precision 
obtainable by the use of electric arc welding is prac- 
tically infinite, there being no practical instrument 
capable of measuring the fineness of deflection ob- 
tainable through the use of the electric arc. We can, 
to a considerable degree, correct machining faults in 
large machined pieces, even after considerable use, 
and when age, with its normalizing influence has 
caused a warpage or springing of the crank shaft, due 
to original forging strains, we can straighten the shaft 
within its original tolerance at a very small cost of 
labor. When we say “equal to the original tolerance” 
we do not mean in one particular measurement, but in 


all of them, of which there are many on a multiple > 


throw shaft. Its warped condition, after use and age, 


*Kleinhans Company, Pittsburgh, Pa. 
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is produced by the natural tendency of the original 
forging strains to neutralize or equal one another.. 
As a result, a shaft that might have been machined to 
a tolerance of one thousandth of an inch may, in the 
course of time, even though it be kept in storage, in- 
cur a warpage of 10 to 15 thousandths. 


The classes of work coming under the head of 
precision jobs not only include crank shafts of steel 
but cast iron or cast steel as well and the term can 
be employed wherever a large mass of steel requires 
bending, straightening or twisting. The crank shaft 
may become twisted in various ways. It may’be that 
the fly wheel of an engine is suddenly stopped. The 
inertia is liable to twist the section between the fly- 
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FIG. 1—Completed weld on broken flange of 46-in. diameter 
blowing engine cylinder. 


wheel and the crank throw or counterbalance weights, 
or in another instance, the cylinder may, during the 
course of starting or stopping the engine, come up 
against a water head and in that case, the inertia of 
the fly wheel would produce a tendancy to twist the 
shaft. In multiple throw engines, we have on record 
cases of broken connecting rods or piston rods that 
caused sudden stopping of one particular throw and 
the momentum of the balance of the moving parts pro- 
duced twisting in one or more places. This twisted 
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condition can also be overcome by the electric arc, 
within certain limits, of course. 


Suppose a high pressure cast iron cylinder should 
have its whole flange broken off completely around the 
cylinder, due to a broken or loosened piston rod or 
water head. Although a delicate problem, it is a 
practicable undertaking to replace this flange on all 
cylinders over two feet in diameter and also to have 
all of its gasket face tolerance equal to the original. 
In undertaking work of this nature a complete prac- 
tical knowledge and understanding of expansion and 
contraction of metals is necessary. A technical knowl- 
edge is desirable but not a necessity. The operator or 
supervisor must thoroughly understand the use of 
precision instruments, some of which he must be 
capable of devising himself to suit the individual prob- 
lem confronting him. The electric arc method is the 
only method that can be employed to a satisfactory 
degree and should be a direct current welding circuit. 
Low voltage is preferable due to its limiting the pos- 
sibility of burned or porous metal caused by the long 
arc. The welding current should not exceed 150 am- 
peres and should be well regulated so that it can be 
held constant at all times, regardless of the variations 
of the arc length due to the human element. Such 
control of the current means that regardless of the 
area of the weld or puddle of molten metal under the 
arc, the heat per unit area of this puddle will be con- 
stant. 


The process and method of repairing the crank 
shaft shown in the accompanying photographs is 
known as the Neutralized Precision Weld and this 
shaft in particular, when completed, was under a tol- 
erance of 1% thousands of an inch. The process in 
this and similar work is briefly as follows: 
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The fracture, whether it lays directly in the crank 
pin, main shaft or web of a shaft, should be chipped 
off from the opposite sides, where -possible. In a 
round section, it should be chipped to a point, leaving 
a “V” of approximately 90 deg. between the two 
pieces when they are assembled. The metal should 
be thoroughly clean and free from carbon pockets or 
shrinkage cracks before attempting to weld. The two 
parts are then placed together with the points of the 
“V” or chipped section in line with each other and _ 
with an opening between them of %-in. or more, so 
that complete fusion of the added metal with either 
side of the “V” may be obtained. 


The next step to be taken is the alignment of the 
work which, without question, is the most difficult 
problem encountered in the whole repair. Provision - 
must be made in the original alignment for shrinkage 
of the metal in the primary weld tacking the two 
pieces together. When this alignment has been com- 
pleted and the connecting weld is made, check meas- 
urements should be taken from all angles. It is often 
found that the shrinkage of the tacking weld is great- 
er or less than anticipated and within reasonable 
limits, such errors can be corrected by the use of a 
peening hammer to affect an expansion, or, if contrac- 
tion is required not exceeding three or four thou- 
sandths of an inch, the application of one additional 
layer may give the desired result. In no case should 
a contraction be allowed to remain in more than two 
layers of the original connecting weld. When the 
error in alignment exceeds three or four thousandths 
in either direction, good practice makes it necessary 
to chip out or break through this original weld and 
then start over again. The operator may have to re- 
peat this operation many times before an absolute 
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FIG. 2—Completed weld on large crank shaft. Cross-section of break 534 in. x 22 in. Tolerance .00125 in. 
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zero point is obtained. When this has been accom- 
plished, the difficult part of the job is past. 


The process from then on consists solely in the re- 
peated application of single layers of metal on all sides 
of the weld. If desired each layer may extend over 
the whole fractured surface. Shrinkage strains, which 
will be set up in each layer, are removed by the use 
of a peening tool. Additional metal must not be ap- 
plied at any time until all shrinkage of the metal al- 
ready deposited has been relieved, so that all indi- 
cators reach zero. It is advisable, during the applica- 
tion of a layer, to occasionally watch the indicators to 
acquaint oneself with the location and the amount of 
the actual stresses. By continued observation of the 
micrometers along with the welding, a perfect under- 
standing of contraction can be obtained. This same 
observation is advisable during the peening process 
so that the operator may familiarize himself with the 
actual amount of peening required to affect a neutral 
weld. The understanding of contraction and expan- 
sion, as above outlined, will, in the course of a short 
time, enable the operator to estimate very closely the 
amount of peening necessary on work where the use 
of precision instruments is not practicable and should 
prove a very valuable asset to any operator. 


The extent of contraction varies considerably and 
usually is in direct proportion to the variation in car- 
bon in the electrode metal. As is readily understood, 
contraction stresses set up by a hard high carbon 
metal will produce more of a deflection or shrinkage 
than those of a soft metal, and the hard metal also 
requires an additional amount of peening to accom- 
plish the neutralization. Any deflection sideways in 
the welding of the crank shaft may also be corrected 
by peening. It is absolutely essential that no more 
than one layer be applied over the entire surface of 
any precision weld before peening. It is definitely 
proven that the expansion produced by the miniature 
forging blows of a pneumatic hammer do not forge 
the metal any deeper than % in. 


The expansion of a second layer on top of.a layer 
that has been applied without peening, will merely 
create additional tensile stress severe enough to prob- 
ably cause an invisible fracture in the underlying layer. 
There are also times when, due to the thickness of a 
layer, along with its hardness from the use of a par- 
ticularly hard metal, the contraction stresses cannot 
be relieved until continued peening has flaked off a 
certain amount of this surface of the weld. It is a fact 
that when a thin layer of white hot metal is homo- 
geneously applied to colder metal, it sets up tremend- 
ous strains, and, when applied with a thorough knowl- 
edge, can be used to accomplish desired distortions in 
large steel sections that cannot be obtained in any 
other manner. It is also acknowledged that this thin 
layer of metal which has tied up in itself thousands of 
pounds of pull created by contraction, can readily be 
normalized or expanded to a normal condition by the 
means of the forging effect of a peening hammer. 
Layer upon layer may be applied and treated with 
micrometers or indicators as gauges, with absolute 
confidence that, if carefully and accurately done, the 
finished mass of metal will be absolutely normal or 
neutral with neither expansion or contraction stresses, 
thus doing away with the necessity for annealing. 


There is also good reason to believe that the forg- 
ing effect of a hammer increases the ductility and ten- 
sile strength of the metal in the same manner as the 
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forging of steel. The full value of the peening proc- 
ess might be compared very favorably with steel forg- 
ing, insomuch that it flattens out the individual grains 
of metal and produces an amalgamation between these 
grains, that is lacking in the original weld. It is defi- 
nitely known that a grain of pure steel is surrounded 
by a shell of impurities. In the event of a fracture, it 
will follow the line of impurities between each grain 
and does not have to break through the center, which 
is the pure steel. By peening or forging, this grain 
is so flattened that it takes on an over-lapping layer 
effect and the fracture has to make its way through 
layer after layer of pure steel. 


Not only does the peening produce an increased 
strength, but it makes possible a neutral weld and also 
the process of obtaining precision welding. 


When it comes to cast iron welding, the welding 
world, as a whole, is more or less under the impression 
that studding of the welded areas is absolutely essen- 
tial as a safety factor. In reality, where studs are ap- 
plied without the peening process, they merely help 
to strengthen a faulty weld. We do not disapprove 
of studding as we have determined that it is an ad- 


FIG. 3—Part of broken crank shaft prepared for welding. 


vantage even when employed in a neutralized or 
peened weld, inasmuch as it anchors the contraction 
of the original bounding layer and permits a greater 
area of metal to be welded before peening, without 
danger of contraction becoming great enough to af- 
fect a fracture through the thin layer of chilled cast 
iron directly under the juncture line. We have, ina 
number of cases where we have had ample time to 
complete a job, welded cast iron entirely without 
studs, but when this process is followed, it is necessary 
to peen every square inch of the metal as it is applied. 
If this is not done, the strains set up parallel with 
the weld will be great enough to fracture at the punc- 
ture line. We have proven through numerous tests, 
that the section which usually cracks directly under 
the chilled area is of higher tensile strength than the 
actual cast iron itself, but the sheering strains set up 
at this point, due to the tremendous amount of con- 
tracting, is great enough to produce a fracture, even 
though it had a tensile strength of three or four times 
the original casting. In cases, where we have followed 
out the peening theory of one inch at a time, we have 
accomplished very successful welds without the use of 
studs, having a parting strength greater than the iron 
itself. 
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In making the above statements, it is naturally as- 
sumed that the correct welding material is used and 
on cast iron, there is no one or two welding wires that 
will satisfactorily fuse with every piece of cast iron. 
We might also add that the welding rod is, without 
question, a very important item and should be given 
as much consideration as the operator OF the ma- 
chine. In fact, successful welding may be divided in- 
to three parts of very nearly equal importance—the 
operator, the machine and the wire. Very often it 1s 
found that with the very best of equipment welding 
results are not satisfactory due to the use of an inferior 
welding electrode. In another instance, the electrode 
and material may be of first class quality, and the 
operator is not of the interested and progressive type. 


In stock today are carried possibly six or seven 
different grades of wire for use on cast iron and it 1S 
usually possible to fnd one among this assortment 
that successfully gives a perfect fusion with cast 1ron. 
Castings that are older than 20 years have been found 
in several cases, to contain a considerable excess of 
phosphorus or sulphur. At times, it requires consid- 
erable experimenting to produce a counteracting 
chemical to overcome the detrimental effects of an 
excess of sulphur or phosphorus. 

When one stops and really figures out the tre- 
mendous shrinkage strains set up in a cast iron weld 
having a cross section of five inches or more, and it 1s 
realized that most such welds have been made without 

rovision for relieving the strains, one is not sur- 
prised that the welding of cast iron has not generally 
met with commercial success. 

It is very gratifying to know that in the last three 
years, during which time I have directed numerous 
cast iron welding repairs, not a single failure has de- 
veloped and this unequalled success is layed directly 
to the neutralizing process. This work has been done 
on castings having a cross section as high as 10 inches 
and with weights running as high as 90 tons per unit. 
In all welding work undertaken by my company, 
whether it is cast iron, steel or copper, the work has 
been guaranteed for a period of one year to meet all of 
the conditions of the original casting or forging, both 
as to porosity, strength and precision of alignment. 


I have attempted, in this article, to show one of the 
numerous welding repairs that have been accom- 
plished at a very great saving of both time and money 
and 1 know of no company today who is employing 
in their welding department an electric arc welder 
that is not receiving service many times the value of 
the installation. | 

No longer need haphazard methods nor imper- 
fect welds be tolerated. It is now possible to sur- 
round any emergency with a co-operative effort, based 
on many years of actual welding and engineering ex- 
perience. An enormous variety of undertakings have 
been encountered and mastered under every condi- 
tion that could be conceived. 


A successful welding organization must offer the 
following service: 


Competent engineers who are capable of assuming 
the responsibility of complete reconstruction of 
wrecked machinery or power plants; resources in 
welding equipment, with unlimited operators ready 
to meet its largest emergencies assurance that all 
work must be done on a year’s guarantee. 

These basic factors combined raise electric welding 
to a successful art. 
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Flexible Coupling Described in Bulletin | 


The DeLaval flexible coupling is described in a 12-page 
pamphlet issued by the DeLaval Steam Turbine Company of 
Trenton, N. J. This coupling, which has been developed for 
turbines and similar machinery, consists of two opposed 
flanges mounted on the driving and: driven shafts respec- 
tively. One flange carries bolts or pins which enter holes 
bored in the opposing flange, but not coming into metallic 
contact with the latter, as the driving force 1s transmitted 
through steel lined molded rubber bushings slipped over the 


pins. The rubber supplies the flexibility required to take care 
of inevitable slight misalignment, does not require lubrica- 
tion, absorbs shocks and is long lived and reliable. There is 
no constraint upon independent endwise motion of the shafts 
and one shaft can be removed without disturbing the other. 
The peripheries of the flanges are ground to true cylinders 
and the faces to true planes to facilitate lining up. All parts 
are made to limit gages and all similar parts are inter- 
changeable. 


New Bulletin Describes Motorbloc 


Bulletin S-101 issued by the Motorbloc Corporation of Phila- 
delphia, describes and illustrates the application of the Motorbloc 
in several capacities as developed by the results of 18 years’ ex- 
perience in the material handling field. 

A tabulation of capacities, speeds, weights and electric motor 
sizes is given on page three. 

The principle features of value to the user are lightness and 
portability and a motor operated chain block that can be fur- 
nished in all capacities and operated by a small electric motor 


‘built into a compact unit that can be used anywhere electric cur- 


rent is available in connection with a Pendant Controller fur- 
nished with it. 

Copies of this bulletin will be gladly sent to any manu fac- 
turers or dealers who may be interested to use or sell this new 
labor saving device. 
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Some Pointers on By-Product Coke Oven O perations 
: 


Fd 


Installing Simple and Modern Ash Handling 
System at Homestead 


There is littke money to be made from ashes in a modern 
boiler house. It appeals much more strongly to the average en- 
gineer to think along the lines of fuel saving. In consequence, 
there is a tendency in the building of new boiler houses to study 
and investigate in infinite detail questions of boitlers—type, size 
and setting in its relations to furnace efficiency; the question of 
stokers and their combustion efficiency. The ashes are a neces- 
sary nuisance and it is perhaps too vaguely thought that they 
will be manhandled out of the plant in some way. - 


A little consideration along the following lines, however, will 
indicate the importance of the proper ash handling facilities. 
Consider the boiler house such as Carnegie Steel Company at 
Homestead is now installing, eight approximately 1,000 h.p. 
boilers. It is reasonable to suppose that six of these boilers will 
normally be operated at an average rating of 200 per cent. The 
plant will therefore generate 12,000 boiler h.p. continuously, al- 
though capable, under peak conditions, to perhaps double that 
capacity for limited periods. 

On the basis of 3!'4 Ibs. of coal per boiler h.p., this will mean 
42,000 Ibs. of coal burned per hour. On the assumption of 15 
per cent ash or other refuse, by weight, this will mean 6,300 Ibs. 
of ash per hour or, for even figures, say three tons. At 24 
hours per day, it means 72 tons. If this ash is inefficiently han- 
dled, it may cost as high as 50c per ton to get same into railroad 
cars for final disposal, whereas if it is efficiently handled, it can 
be done for 10c per ton. In other words, the difference between 
efficient and inefhcient handling of ashes 1n such a boiler house 
will amount directly, in dollars and cents. to a Saving, by an 
efficient method, of approximately $10,000.00 a year. 


This is only part of the story. Improper ash handling lay- 
outs and apparatus produce conditions for ash handlers under 
which it is almost impossible to work. The labor turn-over is 
often tremendous and the wages demanded, high. 


Improper working conditions because of improper apparatus 
in the ash tunnels resulted in many serious accidents; burning 
or asphyxiating by monoxide gas, of labor have been and still 
are all too frequent an occurrence. 


The following features of this arrangement are considered 
particularly good:: 


The ash will dump by gravity into the hopper and again by 
gravity into an electrically operated lorry car. The gates con- 
trolling the flow of ashes into the lorry car are power controlled. 
In consequence, they can be opened and shut almost instantane- 
ously at the will of the operator with no more manual labor 
than the turning of a four-way cock. 


The lorry car will unload into a skip hoist which in turn 
will unload into storage means over railroad cars. After one 
or more day’s supply of ashes have been stored, hopper cars are 
spotted beneath, the material dropping by gravity. The approxi- 
mate cost of handling the ashes with such a system as this will 
be 10c per ton. The entire system is extremely simple, requires 
only a single man for operation and all the ashes can be handled 
by part of this one man’s time in a single shift. 


The hoppers used are of cast iron as cast iron will stand 
up almost indefinitely under the action of sulphurous water. It 


is therefore best suited for the service. Note that the walls of. 
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this hopper are nearly vertical. In consequence, it is impossible 
for the ashes to arch over the opening as there is no skewback 
upon which the ashes can rest. They therefore drop by gravity 
from the hopper into the car. There is no manual hoeing or 
poking. The hopper is tile lined. Notice that the tile lining in 
the vertical wall of the hopper is locked by gravity to the side of 
the hopper and cannot fall into same. 


Another interesting feature is that the quenching water lead- 
ers are run entirely outside the hopper and the water introduced 
by quenchers set into the hopper walls. It is claimed that this 
arrangement will more adequately cool and make dustless the 
hopper contents with a mere fraction of the water as compared 
to the old scheme of running a perforated pipe directly through 
the hopper. As none of the apparatus is within the hopper, the 
depreciation is virtually nothing. The quenchers are so ar- 
ranged as to be accessible from the outside. 


Another interesting detail is, this quenching water is col- 
lected and discharged ‘to drain, maintaining a clean, dry ash base- 
ment. Most boiler house operators are familiar with a deluge 
of water which comes down from the ash hoppers when the 
ashes are being quenched. It results, in cold weather, in an ac- 
cumulation of ice and slush under foot, with a heavy fog con- 
tinually hanging in the tunnel. At all times of the year, it means 
that the ash handler must take a good drenching every time the 
ashes are handled. 

Another feature of interest is that the ash gates themselves 
use the quenching water for a water seal. It is therefore impos- 
sible for monoxide gas to leak from the hopper into the tunnel 
and this menace to life is therefore eliminated. The arrange- 
ment also improves combustion efficiency as excess air cannot 
leak around the ash gates and enter the furnace through the 
stoker dumps. 

Considerable credit is due to the engineers of the Carnegie 
Steel Company for the thorough way which the details of this 
installation have been worked out. The Allen-Sherman-Hoff 
Company of Philadelphia furnished the cast iron hoppers and 
power operated gates, as well as the special ash quenching ap- 
paratus. 


Spacing of Pipe Supports 
(Continued from page 53) 


“S” if the deflection is not too great, then the span as given 
by the table is satisfactory; if the deflection is too great (as 
shown by the table) choose a span of satisfactory deflection, by 
the table, even though the “S” for this span is less than as 
calculated. 

For instance, “S” in “7-d” is 3800 Ibs. for 8-in, dia... which 
falls between 22 ft. and 24 ft. span (this being for a thinner 
8-in. dia. pipe than for item “7”); therefore we would choose a 
22-ft. spacing, with a deflection of only 0.209 (for a thinner pipe 
than for item “7”), which is less than the 25 ft. spacing per 
“7-c” and “7-d” and is on the safe side. 


Having determined the spacing of the pipe hangers or sup- 
ports, the piping may be carried on existing structures, as in 
the following Case 1, or special structures may be required. In 
the case of long spans or runs of piping through work and 
mill yards the following Cases 2, 3 and 4 show very desirable 
construction and the formulae for the design. 
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Fred C. T. Daniels, metallurgist for 
the Wheeling Mold & Foundry Com- 
pany, Wheeling, W. Va., has recently 
severed his affiliation with the Wheel- 
ing organization to become superintend- 
ent of the roll department of the Beth- 
lehem Steel Company, Bethlehem, Pa. 
Associates of Mr. Daniels looked upon 
his leaving Wheeling Mold & Foundry 
with a sense of keen regret, as he had 
been with the company since 1914 and 
had the responsibility of a most impor- 
tant unit of the organization. Mr. Dan- 
iels is, however, eminently fitted for the 
larger responsibilities which he will be 
called upon to assume in his new field, 
and there can be no doubt as to the suc- 
cess he will merit. He is a graduate of 
Worcester Institute of Technology, 
Worcester, Mass., and has had much ex- 
perience in roll manufacture and rolling 
mill practice, in and about the Pittsburgh 
District. _He holds patents on several 
_ alloy mixes which have proven their 
worth in roll manufacture as well as in 
other lines of the alloy casting trade. 
The vacancy in the metallurgical and 
roll department of the Wheeling Mold & 
Foundry Company, caused by Mr. Dan- 
iels leaving, has been filled by R. C. Heas- 
lett, who has been chief chemist for this 
organization since 1916. 

Announcement has been made by Di- 
rector Edward R. Weidlein of the ap- 
pointment of Dr. Warren Fred Faragher 
as an assistant director of Mellon Insti- 
tute of Industrial Research of the Uni- 
versity of Pittsburgh. Dr. Faragher, 
who has been a senior industrial fellow 
of the Institute since 1918, is a specialist 
in the chemistry and technology of pe- 
troleum and has made a number of im- 
portant contributions to the chemical 
knowledge of hydrocarbons. He assumed 
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his new office on December 1 and his 
successor on the research staff of the In- 
stitute’s petroleum investigation will be 


Dr. William A. Gruse. Of special in- 
terest is the fact that Dr. Faragher, who 
received his professional training at the 
University of Kansas, was selected by 
the late Dr. Robert Kennedy Duncan as 
the incumbent of the first industrial fel- 
lowship established in that institution in 
1907. Later, in 1911, Dr. Duncan came 
to the University of Pittsburgh, and his 
industrial fellowship system is now the 
basis of the work of Mellon Institute. 
Following the completion of his re- 
searches at the University of Kansas, 
Dr. Faragher spent nine years in the in- 
dustrial field as a specialist in oils, and 
in 1918 he was appointed a senior fellow 
of Mellon Institute. In addition to his 
research accomplishments, he has been 
constantly active in furthering the inter- 
ests of the American Chemical Society 
and the American Society for Testing 
Materials. 

Clinton G. Armstrong, formerly con- 
sulting metallurgist for the Chicago 
Flexible Company, and research metal- 
lurgist of the Western Electric Com- 
pany, has joined the Calorizing Com- 
pany. He will serve in the capacity of 
sales engineer and will be connected with 
the Chicago office of the Calorizing Com- 
pany. 

R. T. Haslam has been promoted to a 
full professorship at the School of Chem- 
ical Engineering Practice, Massachusetts 
Institute of Technology, Cambridge, 
Mass. 

Professor Haslam’s translation of the 
article, “The Production and Utilization 
of Producer Gas for Heating Open 
Hearth Furnaces,” appeared in May and 
June issues of this magazine. 


A. H. C. Heitman has resigned as gen- 
eral manager of Chemical Products, Ltd., 
Trenton, Ontario, manufacturers of sul- 
phuric acid and heavy chemicals. He was 
for some years a member of the research 
staff of Parke, Davis & Company. Be- 
fore coming to Trenton, he was mana- 
ger of Chemical Products of Canada, 
Ltd., Toronto, producing a variety of 
products, heavy chemicals, as well as 
pharmaceutical synthetics. Mr. Heit- 
man was recently appointed a member 
of the Chemical Committee of the Hon- 
orary Advisory Council for Scientific and 
Industrial Research, Canada. 


F. W. Miller, superintendent Sloss By- 
Product Plant, Birmingham, Ala., ad- 
dressed the Nashville Section, December 
21, on the “Modern By-Product Coke 
Oven.” 


The Electric Furnace Construction 
Company, Philadelphia, advise the fol- 
lowing recent installations of their equip- 
ment: Henry Disston & Sons, Tacony, 
Pa., electric heated furnace for continu- 
ous hardening and tempering of band 
saws; Dodge Steel Company, Philadel- 
phia, Pa., rapid melting acid lined elec- 
tric furnace for steel castings; Armstrong 
Company, Huntington, W. Va., continu- 
ous electric vitreous enameling furnace; 
Panama Canal, Cristobal, C. Z., electric 
steam boilers (Kaelin system); Ford 
Motor Company, Green Island, N. Y., 
two electric steam boilers (Kaelin sys- 
tem); Aviation Department, McCook 
Field, Dayton, Ohio, electric heat treat- 
ing furnace. Work under construction 
includes electric steam boilers for Chile, 
Guatemala, rapid electric melting 
furnace for cast iron for the Owens Bot- 
tle Company, Toledo, Ohio. 


and 


87 The Blast Furnace Stee! Pl’ 


WITH THE EQUIPMENT MANUFACTURERS 


| WITH THE EQUIPMENT MANUFACTL POU 
oH 


January, 1924 


ULL RC MP PULLOUT LULL PLLC eL TELE Li 


New Line of Small Vertical Vacuum Pumps 


The Ingersoll-Rand Company, 11 Broadway, New York, 
announces a new line of small vertical belt driven vacuum 
pumps, known as Type Fifteen. This should be of particu- 
lar interest to those users who require high grade, standard, 
reciprocating, dry vacuum pumps of small capacities. The 
wide range of sizes and the different methods of drive offer 
a vacuum pump to suit any need where a high vacuum is 
necessary. Type Fifteen vacuum pumps will pull and main- 
tain vacuums between 28.6 in. and 29.25 in., depending on 
their size. In addition to the standard belt design each 


size is built as a_ self-contained electric motor outfit, using 
the short belt drive arrangement or driven through pinion 


and internal gear. The vacuum pump and electric motor of 
both the short belt and gear driven units are mounted on a 
metal sub-base, so that they are not dependent on the 
foundation for correct alignment. 


The “constant-level” system of lubrication used on the 
Type Fifteen vacuum pumps maintains a constant-level of oil, 
which insures the right amount being distributed to all parts. 
Like in the ordinary splash system, the bottom of the pump 
base forms an oil reservoir of sufficient capacity for the ‘“con- 
stant-level” system. The amount of oil in this reservoir is 
determined by high and low level pet cocks. Above the reser- 
voir and directly underneath the connecting rod is a con- 
stant level pan (lubrication holder), into which the connecting 
rod dips and distributes just a sufficient quantity of oil for 
proper lubrication. The constant level pan is replenished 
with oil from the supply in the crank case by a valveless oil 
pump operated by an eccentric on the main shaft. Regard- 
less of the amount of oil in the reservoir, so long as it is 
somewhere between the high and low level petcocks, this sys- 
tem will function properly. The lubrication of small verti- 
cal vacuum pumps employing the enclosed crank case and 
splash system has often been a source of great concern. The 
tendency of oil systems has been to feed either too much oil, 
which will be carried out with the air, or too little, causing 
scored cylinders, overloads and burned out bearings. 

Thete are six sizes—-the 2x4 in., 3x5 in., 4x6 in. and 5x8 in. 
single acting pumps; the 5x10 in. and 6x12 in. double acting 
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pumps. The 2 in., 3 in., 4 in. and 5 in. stroke single acting 
pumps are air cooled by means of an annular ring which 
encircles the cylinder, while the 5 in. and 6 in. stroke double 
acting pumps are cooled by means of circulating water. 

An illustrated descriptive bulletin has been issued on these 
vacuum pumps which describes in detail all their new and 
improved features. The manufacturer will be glad to send a 
copy to anyone who is interested. 


Riley Underfeed Stokers 


Riley Underfeed Stokers are described and illustrated in de- 
tail in a new bulletin No, 92. 

These are mechanical stokers of the multiple retort, under- 
feed type for high duty service. Particularly adapted for ex- 
treme, sustained overloads and fluctuating steam demands. Save 
10 to 25 per cent of coal over hand firing, also make possible 
use of inferior grades of coal. Eliminate drudgery from boiler 
room and make a clean boiler room possible. These two factors 
attract high grade and intelligent operators. Reduce boiler room 
labor to a minimum. High capacity obtainable together with 
quick response to overloads reduces the number of boilers re- 
quired, with corresponding decrease in investment, maintenance 
and operating expense. 

This catalogue describes in detail the engineering features of 
Riley Stokers (many of them exclusive), that enable them to 
attain these results in an efficient, economical and reliable man- 
ner, and give satisfactory service that has led to the use of 
Riley Stokers in all parts of the world. 

Riley Stokers are multiple retort, inclined, underfeed stokers— 
that is, the fuel is forced up from beneath the point where the 
air is admitted, and is then burned on a series of inclined retorts. 
Distillation of the volatile gases takes place in the retorts, after 
which these gases, mixed with air, pass through an active bed 
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of burning coke and then through the incandescent fire zone. 

The Riley Stoker, however, differs from all other underfeed 
stokers. Instead of stationary tuyeres it has moving, air sup- 
plying grate blocks, carried by the reciprocating sides of the re- 
torts. These retort sides also move the overfeed grates which 
extend across the entire width of the stoker below the retorts. 
Beyond these are the rocker dump plates, which continuously 
agitate, crush, and discharge the ash. The travel of these recip- 
rocating parts is adjustable so as to control completely the move- 
ment of the fuel bed and dumping of refuse. 
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The Republic Iron & Steel Company, 
Youngstown, Ohio, has plans in progress 
for the construction of two new tube mills 
at its local plant on Poland Avenue, and 
proposes to commence work at an early 
date. Extensions and improvements in 
other departments have been commenced 
and will be pushed to completion. These 
include the rebuilding of a portion of the 
Bessemer works, replacing present equip- 
ment with more modern and improved 
machinery; the installation will provide 
for considerable increase in capacity at the 
unit. Similar changes are being made in 
the billet and bar mills, where electric 
operation will be substituted for the for- 
mer hydraulic-driven equipment. The re- 
construction of a blast furnace at the 
Haselton division is also under way, and 
it is expected to complete this work in 
the near future, to include the installation 
of an additional battery of coke ovens, as 
well as other minor work for greater 
efficiency in service. The expansion and 
improvement program is estimated to in- 
volve in excess of $350,000. 


The Pacific Coast Steel Company, San 
Francisco, Cal., has exercised its option 
to purchase a tract of property near Long 
Beach, vicinity of Los Angeles, Cal., to- 
taling about 200 acres of land, heretofore 
held by the Los Angeles Dock & Ter- 
minal Company, giving a consideration of 
about $2,000,000 for the property. It will 
be used as a site for a new steel mill and 
blast furnace, on which work will be in- 
augurated at an early date. The furnace 
will be the first unit to be built, and will 
be of thoroughly modern type, with capa- 
city of approximately 600 tons. The struc- 
ture is estimated to cost about $5,000,000, 
including auxiliary departments. Other 
structures will be erected closely follow- 
ing, to include rolling mills, tube mills, 
machine departments, power plant and 
miscellaneous mechanical buildings. The 
entire works will represent an investment 
of close to $15,000,000, complete. The 
company is represented by T. T. C. Greg- 
ory, Imsurance Exchange Bldg., San 
Francisco, attorney. 


The Waterbury Rolling Mill Company, 
Waterbury, Conn., will commence the 
erection of a new addition to cost close to 
$75,000, including equipment. It will pro- 
vide for extensive increase in capacity. A 
general contract for the building has been 
awarded to the Tracy Brothers Company, 
Waterbury. 

The Marting Iron & Steel Company, 
Ironton, Ohio, has tentative plans under 
advisement for improvements in its local 
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blast furnace, to provide for large increase 
in capacity, as well as greater efficiency in 
operation. Details and estimates of cost 
will be perfected at an early date. 


The Truscon Steel Company, Youngs- 
town, Ohio, has arranged an appropriation 
of $400,000, for extensions in its local 
plant. A new series of buildings will be 
constructed on Albert Street, totaling 
about 100,000 sq. ft. of operating space, to 
be provided with modern machinery for 
extensive increase in production of stand- 
ardized steel shapes and products for con- 
struction purposes, approximating from 15 
to 20 per cent over the present rating. The 
working force will also be enlarged. It is 
expected to have the new structures ready 
for service early in the coming spring. 
Julius Kahn is president of the company. 


The Hull Steel Foundries “Company, 
Ltd., Hull, Quebec, has acquired property 
at Ogdensburg, N. Y., and has plans in 
preparation for the erection of a new steel 
works at this location. It will consist of 
a number of one-story plant units, with 
power house and auxiliary structures, esti- 
mated to cost close to $500,000, including 
equipment. A. H. Coplan is president. 


The Blair Strip Steel Company, New 
Castle, Pa., recently organized, has se- 
lected a local site and has plans under 
way for the construction of a new plant 
for the manufacture of steel products, in- 
cluding cold rolled specialties. It will con- 
sist of a main building, with a number of 
auxiliary structures, and is estimated to 
cost in excess of $75,000. It is expected 
to commence operations at an early date, 
having the plant ready for service during 
1924. The new company is headed by 
George D. Blair, Sr. and Jr., and J. Nor- 
man Martin, all of New Castle, who will 
be active in the management of the new 
company. 

The United Alloy Steel Corporation, 
Canton, Ohio, has arranged an appropria- 
tion of more than $1,200,000 for extensions 
and improvements in its plant, including 
the installation of considerable additional 
equipment. The work will comprise the 
rebuilding of two continuous furnaces 
used for the 12-inch mill, additional soak- 
ing pits, new stripper and new gas pro- 
ducer. It is also proposed to build a new 
power house and boiler plant. Initial 
operations have been commenced and the 
entire improvement program will be 
pushed through to completion. 

The American Rolling Mill Company, 
Ashland, Ohio, is pushing construction on 
its new bar mill and expects to have the 
unit ready for service at an early date. 
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Other expansion is also in progress for 
considerable increase in production and 
the installation of equipment will soon be 
commenced. This latter work will be 
completed during the first quarter of the 
new year. 

The Acme Steel Construction Com- 
pany, Homestead, Pa, has purchased 
property in the Wickliffe industrial sec- 
tion, Youngstown, Ohio, and will have 
plans prepared in the near future for a 
new plant at this location. It will consist 
of a main building, power house and sub- 
sidiary buildings, with reported cost 
placed in excess of $100,000, including 
equipment. 

The Brown-Hutchinson Iron Works, 
1831 Clay Street, Detroit, Mich., has com- 
pleted plans and will commence the im- 
mediate erection of a new addition to its 
plant for considerable increase in capacity. 
It will be one-story, located on Morrow 
Street, and is estimated to cost close to 
$45,000, including equipment. The gen- 
eral building contract has been awarded. 


Unusual Blast Furnace Boiler Plant 
(Continued from Page 77) 


in addition to certain makes of standard 
accessories that have been adopted for gen- 
eral use. Included in this equipment are 
feed water regulators, furnace efficiency 
regulators for operating the stock damp- 
ers, steam purifiers, soot cleaners, blow- 
off valves and thermo-couples, pyrometer 
and recording instruments for furnace and 
stack temperatures. 

CO, recorders, indicating steam flow me- 
ters and draft gauges are installed on each 
boiler and an integrating steam flow meter 
is installed on the main steam line leading 
from the boilers. A gas flow meter is lo- 
cated in the blast furnace gas supply main 
and coal meters are provided in the dried 
coal chutes leading to the pulverizers, so 
that it is possible to make an approximate 
check of the efficiency of the plant daily. 

Ashes and blast furnace gas flue dust 
are removed when boiler is down and are 
disposed of by a traveling telpher equipped 
for handling a 65 cu. ft. capacity ash pan, 
and runs on an overhead I-beam track lo- 
cated directly in front oi the boilers and 
extending through the boiler house to the 
original coal and ash handling station of 
the main boiler plant. 

The operation of this plant has met all 
expectations and has demonstrated that 
this method of supplementing blast furnace 
gas is entirely satisfactory. 
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For Direct-current Motors 


This CR9511 new spring-set brake fully 
meets actual service requirements of 
crane and auxiliary motors in steel mills 
—it gives the utmost service. 


All parts are simple, durable, and accessi- 
ble. Bearings, pins, shoes, and other 
wearing parts are very liberalinsize. The 
moving parts have short distances of 
travel, which reduces shocks in setting 
and releasing toa minimum. Only three 
adjustments are necessary—and are simply 
made by means of nuts located at the top 
of the brake in plain view, and accessible 
from all sides. 


General Electric Company 
Schenectady, N. Y. 
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